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REPORT. 


OFFICE OF DRAIXAGE DISTRICT XO. 1, } 
SACRA)IEXTO, Deceu1ber 20th, 1880. 
10 h is Excellency GEO. C. PERKIXS, Govcrn01. of the State of Calif o 17â(L" 
In cOlnpliance "Tith the provisions of section four of an .A..ct of the 
Legislature of the State of California, entitled" l\n 
\.ct to promote 
drainage," approyed 
\pril t,venty-third, eighteen hundred and 
eighty, the Board of Directors of Drainage District 
o, 1 respectfully 
su-blnit to your Excellency a report of their proceedings by yirtne 
of the pO\\Ters conferred upon theIn, including the amount of "Tork 
perforn1ed and the 
unount of 1110ney expenrled. 
Dra inage District X o. 1 en1 brace
 practically all of that portion of 
the State of California drained by the Sacrainento River and its 
tributaries. 
l'he seyenth section of the ....lct to proillote drainage, proYic1es that 
" after the forlnation of any territory into a drainage district, the 
State Engineer, as soon as practicable, after proper surveys ha ye been 
lnalle, shall snbll1it to the Board of Directors of the district, plans, 
specifications, and estÍInates of the cost of the works necessary in said 
district, in order to secure a proper syst'2n1 of drainage therefor." 
.After the report of the State Engineer; as afore::-:aid, is Inade, the 
Board is requested to adopt, alnend. or reject the ,,
hole or any 
portion of the plans presented, or to refer then1 back to the State 
Engineer for further report. .After the adoption of plans and speci- 
fication
, the Board is required to adyertise for thirty days for pro- 
posals before any contract for \york elnbracecl in the plans can be 
let. This BoarJ "Tas appointed on the tenth day of June of the cur- 
rent year. The area of the district being so great, the Inagnitude of 
the interests iuyo] ved so stupendous, and the labor to be perforn1ed 
by the State Engineer so e:xten
iYe, that although the uÌlnost 
diligence ,yas exercised by that officer and his assistants, the plans 
and specifications coulcl not be cOlnpleted so as to enable us to 
let contracts prior to the tenth day of August. 
The follo\ving reports of "rnl. Haln. Hall, State Engineer-and 
furnishing the b9
is of our actiolls-,vill, \\Te think, COllYCY an ade- 
<luate idea of the probleu1 to be solyed. 
 


THE 'VORK
 OF DRAIX ..\.GE FOR THE SACRA
IE
TO YALLEY. 


.lIonorable Board of Directors, D?ainage Disfrict ..i.Yo. 1 : 
(fE:,TLE'IEX : Yon have been called upon to mrry forward 
uch works of draina
e a
 may be 
practicable and de'med ncce

arv for the territorv now known a'1 Drainaae Distri(>t Xo. I, and 
t. a3 State Engineer, am re
uireJ to propo30!:f370ï9 gpervi3e the ex.;'euti,'n of these work3. 


S4.CRA
[F.
TO, June 
5th, 1880. 
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The 1'cport to the Statç D,'ainage Cúmmisswn. 
The circumstances and view
 which have led to and governed in the formation of this district, 
are Eet forth in a report macle by myseH to the State Board of Drainage Commi
sionprs, ulHler 
date of J\Iay twenty-
ixth. eighte2n hundred amI eightv, amI which ha:-; b('ell published, tocrether 
with a copy of the record of the minutes of the proceedings of that Boanl, had at a m
etincr 
heM on the twenty-eighth of l\Iay. 0 


D1'ainage District ..J..Yo. 1. 
Your clistrict embraces all of the Sacramento Valley ill which it will be necessary, as far as 
can nuw be seen, to execute works of drainage, excl-'pt some of the low lanels in tLe delta which 
is common to the San Joaquin as well as the Sacramento River. 


The 1'CP01,t to the Legislature. 
In a general way, the drainag:e of this dif'trict-the Sacramento Valley-has heen discu
3ed 
by me in Parts II and III of my report to the Legislature, under date of January tenth, eight- 
('en hundred and eighty. To avoid Il\u('h repetition of argument in detail, I shall herein only 
briefly summarize the practieal conclusions at large on this topic. and a
k your attention to the 
papers referred to, for the discussions which have led to them. 'The bro<ul facts in the case are 
as foll01vs: 


Facts concerning the "ivc,'s. 
First-Generally, throughout its conrse, the channel of the Sacramento River as the main 
drain, and that of the Feather as its chief auxiliary, in their present condition, are incapable of 
affording pa.,sage for the waters of ordinary flood volulll
 without subjecting a large portion of 
the great low-land basins and island swamps to innndation. 
Second-The regimen of the Sacramento River is bad; its channel is of very uneven capacit,r 
in proportion to the demand for waterway, in the succeeding great. divisions thereof, besides 
having serious local 01Jstructions to flood flow. 
Third-These defects, general and la-eal, have, in a degree, always existed, hut they have 
been largely deyeloped of late years from causes still pre
ent or at work. The detritus from the 
mines is filling the lower Sacramento River and its principal tributaries, and an injudicious 
location of levees has unduly limited the width of flood waterway at important points and for 
long stretches of channel. 


Preservation of the 1'ivers. 
It is de
ired to preserve these river ch
mnels. By the passage of the law under which we [Ire 
called upon to a('t, the State has signified her realization of the irnportanee of tlm
 fostering the 
interests more directly affected hy their deterioration, as well a::\ those dependent UpOll the 
causes which in great measure produce this result. 


The Act to ]J1'onwte cl1'ainage. 
It is the object, as I under
tand the measure, to promote d1Y1inagc-as the title of the A('t 
implies-in accomplishing which it is necessary to do away, as far as possible, with tJw evil 
re::\ults of the flow of detritus from the mine
, and to construct or develop waterway for the 
fll)Üds. Furthermore, it is expected that the accomplishment of this end will improve the nav- 
i.
[ltion of the ri\Ters and will facilitate the reclamation of swamp lands in the valleys adjacent, 
l)ecau
t:" it would he impo

ible to attain the prirnary object without doing much which will 
tend toward;; those kindred thereto. 


GENERAL DRAINAGE PLASS. 


Tl\'O general lines of action for the engineering solution of the river problems presented are 
frequently brought forward. They rest respectively upon what may be termed the Conserva- 
tion and the Distribution theories of river improvement. 


The Outlet 01' Distribution treatment. 
To carry away the ,'raters of Hood, it has been proposed to surpl('ment the river watC'rway by 
the ('onstruction of an artificial channel, or channelf';, on the route down the valley to the bay, 
thus em
('ting a division of the waters, anel, according to the arguments of the advocates of this 
plan, produciug a lowering of flood elevations and a shortening of high water periods. rrhis is 
the plan based upon the theory that the greater llUluber of chanuels in which the waters rnn, 
the le:::s will be their floorl elevations-a theory which I have called the Distribution theory, 
!w('ause of the di::\tributiun of the waters amongst several ('hannels. 
In the report f:poken of, I have discussed this plan of outlet canals, and havp expressecl the 
opinion that it woulcl not afford the desired relief from excessive flood heif!hts, but, un the con- 
trary, its primary result would be to hring about a further deterioration of the ('hannel of the 
main river and impair its usefulness as a tlood-earryin,g" and na..igable stream. I am Ipd to this 
conclusion by the results of experience had in river improvements ebewhcre, the recorlis of 



5 


which I have examined, and by the behavior of this stream itself under conditions observed 
durin
 the pa'ìt two year:-:. 
The condu3ion re:;t=, upon the opinion now quite generallyentertainpd by en
ineers, and 
ba
ell upon practical ob:"ervation as well as sound prinC'iplc::I, that the division of the water:" of 
a :;1ediment-bearing river results ill the formation of bars in the ('hallllel bplo\\ the point:> of 
di\-er:o:ion, and ultimately in the permanent contraction of the waterway in the pruportion 
which the volume of water diverted bears to the, olume formerly carried by the channel. 
The only exception to this rule i:> to be foullfl within the influence of heuxy tida.l actiun, and 
where other condition
 are present favorable to the tidal influence. 


The rb'lserlxdion treatment. 
Holding this opinion, I have recommended the altprl1ative course-a systematic treatment of 
the river channel it<::elf throughout, with the view of developing its greatt:;st possible carrying 
capacity. anll of maintaining it in good navigable conùition. This plan re:5t5 upon the irlea that 
the greater the volume of water in a channel, the less may be. and generally is, its grade or 
:-lope. and hence a conservation of water:5 in a channel having a movable bottom will tend to 
l'('(lnce its slope and lower its Hood elevations by 
couring out the buttom material. This I have 
called the Conservation theory of river improvement. 
The lower Sacramento River and its principal tributary, the Feather, have bed;;; most readily 
moved by the action of the current, and the upper Sacramento has a channel which can lJe 
greatly improved by work hereafter to be di:3cu::;"etl. Hence I have expressed the opinion, after 
an examination and measureuwnt in detail, that their deyelopment can be carried fo1'\\ ard to a 

ta
e at which capacity would be afti)f(led fiJr the pa:3sage of all ordinary flood:,; but I have :,aicl 
that the work must be one for a series of year
, ancl that from the first, the great supplies of 

aUl-l \\ hich are brought do" n the mining torrents, must be prevented from entering the larger 
streams of the valley. 
--\.. general plan uf operation;;:, according to the Conservation treatment, was sketched out in 
the report to the Legi:'5latnre, heretofi)re spoken of, and it remains now to clas:'5ify and mention 
the principal works which it will be necessary to pro
ecute, and this I now do, so far as these 
can be (lesignated at present. 


Some prorisions in the law. 
In clas:::ifying and pointing out the works which may be carried forward under your direction, 
I hold in view tlie provision of the law which "tipulates that" all moneys raised 
:: {: ::;- 
shall be used exclusively for the con5trudion of dams for implJUncling the debris from the 
min('
. õ:: * :i<- and for the rectification of river channels in which said debris flows within 
the drainage di::::trict," etc. (Sec. 24,) 
This ;;:tipulation would. 
eem to preclude the construction of any such work as a relief canal, 
and the building of levees for the protection of lands from inundations, but it doe:-: not prohibit 
the pro:::ecution of any work which may be neCe:35ar} for the impounding of debris or the recti- 
tìcation of river channels in which the debris fil)w:;. I hold that the works hereinafter desig- 
nated ar
 nece

ary to efft"ct the:::e ends, within the district whose drainage sy;:;tem you are called 
uFon to Impruve, a5 I will endeavor to show in each case. 


CJ,ASSIFICATIOX OF WORK
. 


Two general cIas"es of works must be undertaken: the first, to 'withhold the sands from the 
main stream anù private property; the second, to improve the channels of tho<.:e streams :::0 that 
they: will m
i
tain themselve:;:.. with a sma.ll amount of attention, suL:-:efluently, in the best 
pOs;)Ible cOlldmon, ae; fiood-carrymg and navIgable channel5. The!'.>e work" may be somewhat 
more definitely clas::;ified as follows: W 


A.1'1'e.siÏ1lg the flow of the detritus-dams. 
FÙ'st- 'V orks cal.culated. to c
eck the flow of sands into the navigable rivers from the mining 
-;trea
l:;:. . The:-e WIll consl
t ot dams composed of rough stone. bru:::lnvood. and grR\ el, or a 
combmatlOn of the::;e materIals, as the case may be, located and proportioned as mav seem most 
favorable in each ca5e. " 
Structure::; 01 this character should first be projected where the bc:::t condition'3 are presented 
for the test of their efficiency at. a rea50nable outlaJ of money. Other thing
 being equal, the 
lower down such works can be brought on the tributarv streams, the mure certain thev will be 
of 
ccoml?lishing their t,bject, and at small ontlay of n"lOney: for lighter grarlps are foùnd upon 
which t
 1I1lpound or re:-:t the materials stored, longer crested dam.;;. are pos
ible (over which the 
water WIll pour to a Ie;.;::', depth and with less force) and le:-:3 material will be left below the site 
ull.!uarded or unre::trained. 
the Yuba and the Bear Rivers present the best opportunities for this class of work, and the 
localities where it is most needed. 
In a special report to be suhmitted concerninO' each of these ::)tream
. I will make recom- 
mend atioll5 and submit plans for the 'works whicl
 I deem ad vi
able to undertake at once u pOll 
them. 
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pJ'cventing the spread ?f the deiJ'itus-levces. 
Sccond-'York
 calculated to guard a
ainst the .::5prearl of the waters from the mining st.rpam
. 
and con::;eqllellt de.structioll of the channel., in which they flow. 
These will cunsist of levee::.:, amI those alrpady ill exi::-lence should bp 
t.rengtheUf'(l. rai:::e(l. 
or protectetl fmm erosion, as JJlay be necessary in each ca.;e, or new levef>s lllay be constructed 
wJlCre none are now in existence !II' the old ones are not worth arlherillg to. 
The Jaw provide.::5 that s\1ch works as are nece.::5sary for the redifica.tion of the river channel:; 
in which :-:aid <lehris fJow;;;, may be constructed. I.leveps all each side of sueh streams a:; the 
Yuha awl BeLt!' Hiver:::-. for instauce, may be ner>es
ary to l'rf'vent the sprf'ad of tlll'ir water:;. 
XC)W the spreading of these watf'rs re
ults În the depO.::5lt of their sedi'ut'nt and the obliteration 
of the ri vel' cha unel:,,-. It is neces
ary, therefore, in order to ref'tify these ('hallIlels, that the 
water.::5 he not allowed to spread, henee 10vees are llf'Ccs:-mry; anù heuce, I presume. you will 
undertake this class of work. 

\.gain, the Yuba and Bear River regions present the theater of most needed action, though 
along the shores of the Feather, also, as well as on the lower course of the American, existing 
le,-ees mU.5t be maintained, if proppr control is to be exercised over their waters, and the river 
channels preserved 01' improvecl. In a special rc'port concerning work which should be under- 
taken this season, I will speak more (lefillitely of this subject. 


Checki
g the slwalÙlg of the main rircl'S. 
Thii'd-'Vorks calculated to guard against the further deterioration of the channels of thf' 
larger rivers, and exert an infiuent'e towards tla'ir complete rectiIÌcation. 
'l'he
e will have for their immediate objects, (hit), the prevention of heavy lJank caving, except 
w here such may be desirable to efier't some beneficial r'hange in the stream alignment: and (2d), 
the closing, or partial closing, of aU deep channels of escape for water from the main stream 
(such as the C'revasses throug'h the bank of the Sacramento River below Knight's I.J<lnding to 
Sacramento City), so far as these can be closed without causing other ruptures and tbe creatÜIH 
of other, lines of overtlow, 


Ballk cavil1g-spur dikes and 'J'evetement. 
The fir;;t one of the oLjects just mentioned, is to be attained Ly the construction of spur dike::: 
of brush, stone, gravel, sand-boxe:,;. or piling, or a comLination of some of these, to dPiiect the 
current fr011'1 the Lank attaC'kerl, and create depo"its for new bank lines, The Sacramento RiveY' 
above Colusa presents the fipld where it wj]J be most neces.::5ary to con duet this class of work, for 
there arc a number of points where the river channel is of exceedingly bad trend, owing to this 
caving of banks, aud radical r'hallges of the channel arc threatened to the detriment of it::; uni- 
form regimen as a whole, and cOll
equent defeat of its rectifications-a leading ouject of the 
w hole measure. 


.Deep outlets-gi'adual closw'e, ove1ilow u;eÙ's. 
The second object of thi::; class of work is to be attained by entirely C'lo'ìing the breaks in 
existing levees, so far as it is safe so to do, with earth emuankments, and by partiaUy closing 
the remaining openings-the deeper cuts, at least-with structure
 of brush. timber, and gravel 
or stone, over which the water may pour, when it reaches a certain safe flood elevation, without 
damag(' to the structure itself. 
I consider these overflow weirs an essential feature of the plan of improvement proposed, for 
the riyer from Knight's Landing to Sacramento City, and it may be nece5sary to apply them 
cl'3C\vhere along its course also, If there were means enough at coinmand to construct at Ol}('e 
such strong and large leyees along the river, and to clo 
nch other work as would facilitate 
ts 
scouring out awl rectification, by the holding of all flood watpr, then the weirs lllight be dls- 
pen
ed with. But this would necessitate an outlay beyond the meallS at all likely to be at your 
di.;posal, and as the water will undoubtedly (''scape during floods at various points for some time 
to come, I propose that it shall find pas.::5age at such points and in such mnnner as will do len.st 
harm, and only at snch times as the river channel may not be able to carryall presented to ]t. 
Concernill
 the extent of this class of work to he done, the location and character of construc- 
tion for the i)ropo.;ed weirs, I will shortly submit a special report for your consirleration, 


Promoting the deepening of the main rivers. 
Fou1'th-.W orkp. calculated to cause the removal of bars in the river, where they exercise au 
unfavorable illfluenf'e upon the uniformity of its capacity, and thus prevent general deepening 
by the scouring action of its current. 
Several notable bars of this C'haracter and C'fJ'ect exist in the Sacramento River below the 
mouth of the Feather, and they are found, as is usual in such cases, where the Lank line.::5 are 
far apart, or where some irregularities of alignment in the banks exist and cause a check or 
eddy in the current and a deposit of sand as a result. 


Removal of bars-spur dikes. parallel dikes. 
Their r('moval is to be accomplished by the constrtwtion of spur dikes, or perhaps similar 
.works parallel to the current-according to the circumstances in each case-of brush, stone, 



7 


gravel, or timher pilin
, 0: 
 comh!nation (If the
e, in su.ch manner as to cat

e a cOllcentr
tion 
of the currC>llt upon a JUChClOU:;; alIgnment. by contracting the 
hallllel. to Its normal wlrlth. 
and guiding the water ill such narrowed channel up to an elevatIon eqUIvalent to a low flood 
stage. 
Ì may say here, by way of parenthesis, that dreù
ing may be required in some of the bars. 
but this re":1I1t is not expected generally. ... . 

-\,.; in the ca:;;e of the la,.:t llwntionf'd cla:-; of works. the;;;e constItute, III mv opmlOn at lea;;;t, 
a most important feature in the plans to rectify the channel of the river, and, as their position 
ill thi;:; enÚmerati(ln implie-l, shoulJ be carried forward before the final and completed efl
)rt is 
maùe to fiJr('(> "courin 0" actiun b,' a1to
ether confining the Hooel waters; becau:5e a condition of 

:l<ulllel apl'roximatil
,g a perfcèt l'egimen .f:'1" the river i'3 e
:<ential to Sucee,.:s in cunfining it" 
ílood water
, and to approach such a COllùltlOn local où;:;tructlOlls must be removeù. 


('or1.ertÎng the alignment of the 'main 1'ivers, 
Fifth- 'V orks calculatf'd to ,.:traighten the river channel where, by reason of sudden and 
irre;nlar turn:;; or hends, a 
eriou3 check is given to flood mo, ements, and where the slope or 
gracì'e of the country is l(':,
 than that through which the river generally course;;:. 
lIndeI' the proper circumstances a ('hamlel Ulay be benefiterl in this way by making sudden 
and .,harp bends les:;; abrupt and angular, or by opening a new channel through behind Buch a 
;:;inuo::;\tv of the river cour;;:e, which latter wl)rk
 are termed cut-ofts, 
"Wher
 a bend is very abrupt it may be made Ie;:;,; so, Training the current against it by the 
u!"e of spur dikes con::;tructecl on the opposite shore above. (>rowrling the current out of the 
oppo.:5ite bay by the continuation of the f!t>ries of spur dikes from above down into it, and blow- 
ing down the point from time to time to be washed away, as may be necessary, will accomplish 
this re.:iult. 


Cut-o...:/fs- UPPC1' Sacramento Rit'er. 
To caU3e the ('omplete elimination of a bend from the course of the channel, cut-off:;; are 
made by clearing the path of the proposed new channel, cutting out a canal down to near low 
watf>r mark upon its route, to a width of one tenth to one fifth that of the proposed channel. 
and forcing the currents of floods to enter the cut by a proper arrangement of spur dikes or 
other guiding works if it be nece
5ary, and from time to time gradually closing the old channel 
a<; the new one becomes efficient by washing out. 
Thf> Sacramento River, between Colusa anti Butte Slough and the mouth of Feather Ri\"er, is 
a very tortuous stream, and narrow in proportion to it; dimensions above and below. The 
grade of the country through which it flows for thi5 division is much le5s than that ahove, Its 
capacity is much Ie:;:; than that of the divisions above and below under existing circumstance5. 
and this is largely occasioned by exces
ive bend resistance due to the sudden turns in its chan- 
nel and general tortuous course. 
To bring the river to a good regimen it will be necessary, in my opinion, to dimini
h the 

bruptness of the most acute turns in this part of the channel, 
md shorten it also, by making 
some cut-off5. These can be carried out at a reasonable outlay of monev, in a number of 
instances. " 


Pl-eventio/
 of cut-offs- Upper Sacramento River. 
'Vhile it is necpssary that the river's cour;:;e should be straightened through the divisions from 
Butte Slough t0 the mouth of Feather, I hold that above Butte Slough, where the formation of 
cut-off:;; is mO.:5t easy, and where they do occur naturally sometimes, all :3traightening of the 
channel should he prevented, becau
e the rin-r is already of much greater grade anri. cross sec- 
tional_ dimensions than it Ü; in the division, npxt below, where it is necessary, by making cuts 
and the other works spoken of, to incre' .:
 j carn'ing capacity and thus accommodate the 
floods which are passed through the channel ahoye. " 


Cut-o.tfs-Lou:er Sacramento RÎrcr. 
Besides the point5 ill the division mentionec1 from Butte Slough to Feather River, the only 
{)thpr loeality where the cut-off treatuwut is admissible on the Sacramento River, is at the upper 
end of f;teamboat Slough, where it is desirable to open up a new head for that chann(>l, in the 
p
'oc(>'3s of making it the principal line of escape for the flood water::. This suhject is quite fully 
dISClÞ5t.:',1 in my report to the Legislature., and I will not sav more upon it until I pre5ent the 
details ill a speciaì paper. 
 


Fm'cÙtg the scouring and enlargcmellt of the rnaÙz rÎrers, 
Si;rth- Works calculated to confine the waters of the river to its channel and cause an enlarge- 
lllent thereof by the scourin
 action thus brought about. 
. The5e wor
.;;, of cour:5e. arc levees. a complete system ûf which, from the highe5t point on the 
I'lyer where Its water5 escape into the back basin
 to the point where full tidal action is met at 
the foot of Graml Island, is e
;;:ential. in m
T opinion. to succe::s in the work of re('tifvillg its 
{'hannel and its final maintenance in an eflicient and serviceable condition as a line of Hood 
escape and a navigable thoroughfare. 
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Conre,ä]'(dioi" of 'lvalC1's. 
That tllf' concentration and. deE'pening of running water does inC'rease its power to transport 
sediment, and. thus bring ahout an enlargement of its channel, if the bed and banks thereof arE} 
of a character to be at all readily moved, engineers and others who study such matters are well 
agrC'ed. 
The eonfining of a greatC'r bo_l
r of watf'r over the bed of the Sacramento TIivf'r will uncloubt- 
cdly canse its C'nlargcment hy the procf'ss referred to; and if local ob
tructiol1::; are removed ill 
tlw manner IH\)'eh,fore 
pohen of or in any manner which Inay be necessary, this enlargem('ut 
will go on so long as the waters are held in and the bottom is found to be of the C'haracter 
known to exist generally throughout the lower river, until the stream is l1uwh increased over 
its pre:::ellt. dimell
ions: }Jl'()/.idcd, that the extraordinary flow of sands by which the waters are- 
now overloaded is checked in the mining tributaries. 


The levee s!/stem. 
It is frequently urged in argument against the levee system of river improvement. that thE} 
prevention of overflow C'anscs the l
pid elevations of the stream's bed as compare<l to tlw banks 
and back lan-Is upon whieh the waters are prevented from spreading their sedimel1t
, and thus 
finally results in the overthrow of the levees, de
truction of the lands, and injury to the river 
it;::elf
 
Although in the course of ages this result might, under the natural order of things, have 
been brought about by leveeing the Sacramento River, it is certainly a que:::tion of lUuch le
s. 
time, under exi::;ting circumstances, when tlw channel below the mouth of Feather River \yill 
be destroyed, if the whole river is nút treated uy the levee system; and as fur the back lands
 
they 
an be nu wurse off than they are now in any evcnt. 


Deterioration Qf the Saamnento River. 
This river channel is being destroyed by the sands which are rolled along its bottom, not by 
the fine sedilnents. which are carried .in sU5pen::;ion by its waters, and which only would be 
carried in large quantities ont of it upon the back lanc1'3, if tbe levee were obliterated. 
The escape of waters from the channel would not relieve it from thE' chargp of solid matter 
which it annually receives, hut would simply eause the permanent lodgment of that matter 
therein, whereas, hy the confinement of its waters alone can the conditiun;:; he produced under 
which this detritus may be carried forward to the tlats and marshes of Suisuu Bay, where it 
will du less harm, for many years to come" than where it is lodging now. 
,Ve have had the low-water plane of this river rai::;e(I two, thrc<.>, four, amI even five feet 
tluring the past twenty years. Such a rapid change was never heard of before in the hi
tory of 
other large rivers, and where the levee system, too, had equal sC'opc for action. The bed of the 
Po, a river complf'tely leveed, and who
e waters are highly charged with sf'diment, has not been 
rai:-:eci 
o muc>h during the period of its recorded history. The levees of the Po may have 
cau::;ed a relative rise of several feet in its bed oyer that of its banks during the past two 
centuries, and so the levees of the Sacramento may ultimately have that effect. But the fir:::t 
effect of a complete levee system on this river, when it is brought to a good regimen and the 
flow of sands stopped, will be to c>ause a great scouring out of its bed and enlargement of its 
channel, and thus lower both its flood and low watOr planes, and many years will elapse beforE} 
the effect of the levees in causing a contrary action will be felt. 


The 
"IiS8issippi and the Sacramento. 
A river such as the :1\1ississippi, whose great defect in capacity is due to the very shoal bars 
C'au
ed by caving hanks and great irregularit of width, can have its waterline sufficiently 
lowered }JY the simple scouring out of these ",hoals te) C'arTY its floods between Lank:; without a 
levee sy:-:tf'm as a nece
sary part of the plan. 
K ot 
O, however, with the SaC'ramento. 'V e lIlU
t remember that such is not the prinC'ipal 
cause of defiC'ient capacity in our river. Its bank
 arl' quite stahle where the capacity is small; 
but few 
hoals exist to be l'E'ITlOVecl, and these, although their continued presence wo"Llld prevent 
a general improvement of the ('h3.nnel, are not thelll
elves the prineipal eause of its inefficiency, 
The l\Ii
:3i

ippi River, with a Hood di::;chargc of one million two hundred thou::5and to one 
million funr hunch"ed thou
and cubic feet per seC'olld due to it, C'arries over or in its IHaill becl 
from five sixt.hs to nine tenths of its waters, losing one sixth to one tenth only into the swamps 
at high floud stage. 
The f:.acrall1C'llto River, between Butte Slough and the mouth of Feather River, with a floo(} 
cliEeharge of c>ighty thousand cubiC' feet per second due to it, earries through only thirt
. thot
- 

nnct, having lost into the back basins on its course nearly two thirds of its waters, There 
s. 
no cOll
idera})le obstruction to flood flow from shoals in t his part of the river. The channel IS 
narrow, has firm Lank:;, and is excppclingly crookpd. 
rrhe floods rise to their maximum heírrht in the upper portion of this divi;;:ion next hplow 
Butte Slou
h, and overtop levees three o
 four feet in height befure the water is bank high at 
Knight's Landing, twenty or thirty miles below, 
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Defects of the Sacl'ame,ltf) Bit'e,'. 
As before remarkerl, the;;:e divisions oî the :::'
1C'ramento River-from Butte Slou
h to the 
mouth of Feather River-arc in need of :-:omething more than the sweeping 01lt of ::llllais. Th" 
channel must be straightened and heavily leveerl to facilitate and force its enlargement 
throughout, . , 
Thi5 river is naturally too ::mall for th(' amount of water that 15 pr(,5t'uterl to It genprally 
throughout it:, C(lur.;;e, L
ecau"p, for agf-s pa:"-t. so larLie a portion (If it. volume, ï.t timb of fi"vd, 
l1a:;:. from 100'al cau
{>;;:, e
calJf'd into the back basin,>, that the channel way has bel'ome con- 
tracted. The proof of this action i:::: founrl in the fact that below eVf'ry escape channel of no. , 
all along its c')ur;:;e, ther4 is a radical diminution of aVf'rage cro"
 <:ection::1;l area: and f
lrt
ler- 
more, a
 the wat('r ha:'ì e":l'aped gradually over the banks all alonz. there IS a 
radual dU1lll11l- 
tion in width found in going down stream through each grand divi::;ioll of the river, from (Il,} 
large outlet or tributary to the ne
t helow, uDtil we .arrive at the reginn bel
w Grand Island, 
wh 're the tide has full :,way and Its flow regulate:;, III a great measure, the wIdth ancl depth. 


The popular idea of filling the low ba.çÙls. 
'Ye have frequently hpanl that the Sacramento River should be allowed to overflow its banl:::; 
50 that the low ba-:ill:;: mi
ht become filled up. It may be remarked here, with propriety, that 
the;;;e ba:-;ins would. not fill up ullles;; the river de;;ertpd its pl'e"l'>nt course and oceupit'd them in 
turn as channel ways. The river bed awl its immediate banks were naturally built hi
her 
than the basin
 before the allyauC'e of the f:and:; from the mine:;, and they would probablv cún- 
tinue to ri:;e more rapidly than the basins, f()r the 
ecliments brought down by the water:;; of 
such 
treams are, for the mo:-:t part, depo:5ited immediately on the bank which is naturally 
overflowerl, and it i5 only whf"n the water;: escape with force through a creva
"c that the ,,)liJ 
matter is carrie(l far back into the basin and elevatf's it commen
urate with the rate of eleva- 
tion of the river bank and bed. 


The true idea of tlLi8 matte}'. 
Thus the only way to equalize the lanrl eleyation back from the river to that along its bank 
would have been to le,'ee the river and force streams of water back to the basin through chan- 
nels, anù there cause the deposit of their sediments. 
But as the river has received thi:;: charge of sand, which cannot thus be sluiced out on to the 
low la11<1:;, to any great extent at lea3t,. and as the preservation of the river is the object in view 
aud not the filling up of the ba::ills, there is ::still greater nece-
ity now for a complete confine- 
ment of the waters hetween levees. 
I refer in the above to tht-' 
acramento Riyer below the mouth of the Feather, and presume 
that the object is to pre-serve .and improve its channel. That this river itself could be turned 
into the ba::;ill which flallk
 it 011 the we:,t, and there be made to depo
it it.;; seùiment for some 
years to come, is quite certain: but the re
ult would he destnH'tion to the present channel, 
and the future would be altogether problematical with the land amI cities below the point of 
turning. 


.Á.Vece.'3,rJity fm' a leL'cc system on the Sac7'amento and Feather Riæ1's. 
_-\fter the other works which have been hereinbefore spoken of have been well taken in hand.. 
the generalleveeillg of the river should begin, This work should be prosecuted from the upper 
portion of the 
tream downward:;, in the rever
e direction from that of the other principal 
improvement
. The channel it":E'lf should be cleared of local obstructions from the lower eud 
up, to bring about the condition::; under which it will profit b,' the eflècts of leveeing and con- 
fining it::; water:::. and then this forcing should commence at the upper end. 
The first leveeing that is undertaken, theref,Jre, other than that necP:-5ar
Y to equalize ban1\:3 
along the ri,'er generally ancl clo
e gaps as before explained, shoull! be from Chico Creek to 
Butte Slough. 
In my report to the Legi::lature, already referrerl to, will be found some general sug
estions 
for the di
position of the levees along this part of the river as well as through other di,'ision
, 
In special reports on the subject, hereafter to be submitted, the matter will be treated more in 
detail. 


OTHER WORKS. 


I bave now c}a::..ifiecl the work=, which it is e
sential should be carried forward for the rectifi- 
cation of the main rivers of thi5 valley,.anrl have inrlicated, in a general way, the localities 
where they are to be unrlertakell, amI the order of their proper progre_
, 
In additio
 to tlw
e it may be neces:::ary, as time goes on. to execute other ,,'ork:;:, some of 
them of ('(JIlsl(lerable lUagnitude, in order to relieve the large rivers of the 10ad of silt which is 
hrought to them. and in
ure their mutinued improvement, a5 well as to üthel'wi:;:e di,;:pose of 
flood waters, if the drainage of the valley is to bc- made complete, 
DiL"cr.'
if)n of tributaries !f) dep08it deÖ.itlts. 
For instance. althou!;h the Sacranwl1to River itself cannot with proprietv and saîety be 
turned into allY of the low ba,.:ins which Hank it, 35 a mcaIlS of di
posing of the sands, the case 
,) v 
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may be diftèrent with several of it'S tributaries. notably tlH'o Anwrican aud the Bear Rin.'ri'. which 
might be led to depusit their ",alld
 in the low basin lying between the two on the eaqt side of 
the SaCn111H'utO. Indf'eù, tlwy both do 
o now in a ùe
n.'
'. awl during thc past Sf'ason the Bl'ar 
HiveI' hm, shown a strong di
position to turn to the south alto,rether and desert its fonner mouth 
into the Feather for an outlet into the basin mentioned. .::> 
An examination in detail of the practi('abilit
y and cost of thus di:;po
iug of the sands of the:::e 
two troublesome tributaries will be maùe und('r my direction during the prebent season and 
will forlll the :,ubjed I)f a 
pecial report at a later date. . , 


DireJ'sioJl of tlte Coast Range c,'eek flood 'Watas. 

\lld 
till agaiu, the disposal of the water:-ò of Put[th and ruche rreeks, which flow into the 
Y(llo basin, is an es
ential part of a eomplete system of draina
e for this district, if not abso- 
lutely a ne('e
sary operation in the rectificati01'l of the main river channels. This project is 
discussed in Part II of my report to the Legislature, anù I invite your attention to the views 
there advanced. 
In my opinion, these ('reek waters should be turned throngh a high grade canal over the 
\fontezuIlla hills, to an independent- outfall in the slough north uf Sui:::,un Bay. By this mealiS 
(.nly ('an the great accumulation of water in the Yolo basin be prcvented, the levees of the 
l'iv
'r be maintained and rendered efficient at reasonable outlay, and the success of the drainage 
{If the, valley be rendered complete. 


GEYERAL REVIEW OF THE RIVER TREAT1IF.XT PROPOSED. 


G1ancin
 over what has heen 
aiù in this report, and in that made to the Legislature in Jan- 
nary, it will be found that I have advocat(>d the Conservation treatment ill the Ì1l1pruvement of 
t he main rivers of this valley; that I propose to bring the channels to a gocd rcgimt'n-even 
{'apacity to do the duty required-by straightening them where necessary and adllli
sible, hy 

couring out Rhoals where these exist, particularly in the lower river, by training the current to 
de::;tt"oy great eddies,. and by prev('nting the local escape of flond waters in large volume, and to 
-supplement its pre5
nt capacity by raisi.ng levees which will themsehyes form a, larg('r channel- 
way and force the enlargement of that already existing by the scouring action of the confined 
waters. 


A system of lel'ccs neccssa'J'!/. 

\nd I hold that a, levep system is necessary to presprve the existing channels of the Sacra- 
mento and Feather Rivers and to accomplish their rectificat.ion, 
If these channels were more nearly proportiQned in size to the. volume of water which comes 
<.lnwn the valley, and like many other stream1!, were deficient in capacity merely because of 
local obstructions, such as extended bars, their rectification could be accomplished without the 
levees. But, as has been shown, such is not the case, aIld we can only accumplish the object 
through the medium of a levpe system. 
Could we sweep out of existence all levees now standing along the Sacrmnento and Feather 
Rivers, the floods would spread into the back basins at many plact.'s. and there: finding shortcr 
Jines of escape ÍÌ"om point to point on the rivers, would pursue thé;"e routes, robbing the channel 
in some of its divisions of the waters due to it and nece::;8
\'ry to preserve its size, and gorging the 
dwnnel with more Hum it could carry at other points, 
The re:-:lllt would be the contraction of the existing channels in some of their divisions and 
the formation of new outlets or the enlargement of tho
e already in existence, until. by the 
action of some great flood, the channel of the river itself .would change materially. This i:-: 
just what was going on before leveeing commenced here. 
X ow there are levees over four fifths of the route of the river within the district where their 
waters could naturally e
('ape into the back basins, rfhese levees are of very uneven height. 
.and some of thf'lll hadly located, If they are left in their present condition, and an attempt be 
made to improve the channels, what will be the result? Manifestly a more nnf
lVorable one 
than if there were no levees at all. The waters would escape where the levees are wf'akest, or 
where there are none. and in large volume locally, as thcy do now in reality, and the river 
<'auld not be hrought to a good regimen, for there would 1)(' no control of the Hoods, which 
","0111<1 leave the ('hamwl 01' rptUl'n to it whenever opportunity oftel'ecl; and without a nearly 
perfect reginì<'n we <,an hope for no general improvement in the channel. 
The object is to prevent the further deteriuration of these ri v('rs and to improvf' them. . 
The detritus 10<1gell in the river bpds must be dispû
ed of, and the <,hannels otherwise rccbfie(l 
mul énlarged. It is absurd to talk of dredging thcm all out, as has b('en publicly suggested. 
Twcnty lnillions of dollars would not more than free the two river::; by this pro('ess. 
A portion of the sediment shoulcl be used in If'yee construction, but the great mass must be 
f'wept out br the river currents. This can only be accomplished by putting the rivers in condi- 
tion to facilitate this action, and by a cuntrol of all ordinary floods; aud a sy
tcm of good 
strong levees is essential for this treatment. 
Such a system as is ne('f's:.:ary for this pnrpose, however, will not pirect the complete redama- 
tion of all the swa.mp lands in the great basins of the district, but of course wuuld (10 much 
toward that end, rl'here would still be a neC'es::;ity for organized actiou in the reclamation dis- 
tricts which must continue to exist and each labor in its own behalf, while tht:' drainage work 
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wi11 be for the common good of all. Thi
 su
iect is more fully touC'hed upon in a rE:'port suh- 
mittpd by rllp to the 
tate Board of Drainage l'i)l1lmi
5iouer:;:, under dpte of thp twellty-..;;ixth of 
.:\Iay, aud to that paper I a
k your attention. 


AX ESTDIATE OF COST. 


Concernin{l' tht' probahlE:' cost of the works herein outlinerl, I can only at this time give a 
rOlIO'h idea, 
To construct levee
 of proper size entirely anew aloll
 the Fe"lther and Sacramento 
HÙ
rs where nece:;,;,ary within this djstrict, would co
t in the neighborhood of three millious of 
(lollar
, 
It may be said that one third of this .work ha'ì been accomplishpd efficientlv thus far. f:,0 that 
it coulfl "be made a oart vf the work of the future. "\Ve htn e then a balance of two millious of 
dollars tf) be expelliled on this class of work, 

\n e3timate of what might be expended to advantage within the next ten y
ar3 may be 
made, as iolluws : 


JJcvee
-ork______________________________________________________________________________________
2,OOO,Ooo 
Channe 1 corrections, de "____________________________ ____________________________________ __________ 
;OOO,OOO 

toring sands ____________________ ________ ____________________________________ ______ __________ ____ 1,000,000 



.),ooo,ooo 


Fully one half of this work is sueh as the general government might p"lssibly unrlertake for 
the pre:5ervation and improvement of the rivers as navigable streams, but it must be brought 
10rward in its order with the other works, and cannot be left behind, else the whole will be a 
fai lure. 
The .work should be 50 carried on as to diminish t.he time of e
ecutiol1 as much as po:;:
ihle; 
there would be economy in such a COUl'5e, for they will undoubtedly cost more unless put in 
final condition as fa:-:t as natural action will permit. 
Suppo::iing the five millions of dollars were expended during the next ten years,. I estimate 
that the C05t of maintenance would be about two hundred thousand dollars per annum after 
that period, half of which would be for storage of :53ntls and balf for river work;;; amI the 
general government might be expecterl to bear half of the expen:;e if it pursues its present 
policy in river works. 
The maintenance of levees. while properly remainin
 under the direction of tbe Drainage 
Di
h'ict Boards, should ultimately be paid for by the lands thus protected from inundation, and 
thU5 the State';; share of the expeu5e of maintaining her rivers in good condition will, in the 
future, be reduce(l to a. small amount. 
Yery respectfull,y su bmittecl. 


W:\I. H. HALL, 
State Engineer. 


REPORT OS D
\
IS FOR THE STORAGE OF l\II
IXG DETRITUS OX THE YUBA 
AXD BEAR RIVERS. 


OFFICE or THE STATE E'\GIXEER. ) 
S -\.CRAYEXTO, July 6, 1880. J 
To the Board of Ði1'ccfoJ'f} of DNtinage District ;...
o. 1, Sacramento, Cal.: 
GE'\TLE
IFX: In the matter of constructing dams for storing mining detritu5 on the Yuba and 
Bear Rivers, I have to report now in general terms, and when further examinations shall haye 
been made of the several 
ite.5 for dams and storage ground, I will submit another report con- 
cerning the same, and recommend the adoption of a definite policy on each ri\ er. 


TI.aìlSpOl'tation of sediment by moving waters. 
The conditions in a stream most fayorable to the transportation of sedimentg by its waters are: 
(1), that it be deep in proportion to its width: (2), that it be of uniform willth and grade: (3)' 
that its channel be of good alignment, free from sunden bends; and (4), that the line5 of its cur- 
rent<=: be not broken up by obstructions of any kiud. 
'Vith such condition
, a rapid current, uniform in its mOYE:'ment throughout the 
a'-eral suc- 
ceeding reaches and diyisions of the 6tream, with a sharply inelined vertiC'al yelocity curve, 
would be prodl1C'ed, and the waters would haye great po,,"er to transport solid matter. 
R
v(>rsing thes.e C'onditions in any manner. the waters drop their silicious or earthy load in a 
degree proportional to the extent of the reyer:,:e order produced. Thus, sediment carrying cur- 
rents Illay be made to deposit their sand and slimes by checking the velocity, and otherwise 
de
troying the condition:3 e::sential to their transporting powpr. . 
Thi5 may be eflected in either one of three ways: (1), fncrea;;:ing the width of the stream, thus 
reducing its depth as a. direct cOll:5equence, and indireetly reducing it also b

 causing the raising 
of its beel by deposits thereon; (2), reducing the gra(le or slope of the stream Ly changing its 
ali
nment, or by raising its bed at some point by a dam; (3), breaking up the threads of its cur- 
rent by the introduction of pel'\'ious or partial ob5tl'uctions to ito: flow. 
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The rl'ba and Bear RÙ,O' deposits. 
The Yuba awl Rear Rin"rs have made immen
e dcpo
its of graycl. sand, and slime aboyc 
tl,eir confll
ence with the Feather, becau
e theil' grn 1 les greatly. (lim}ni::;h as they appruach that 

tream, theIr waters have overtopped the low b:;mk'3 and spread 111 wIde 
hecLs OY('r the adjact'llt 
bottom lamb, and the den:"e growth 0f ElUàll tuuber and bru
hwood throuo'h which they "ero 
IlUHll" to run bro1\:.., up the line:-: of their currents. ð. 
l.epo..,its íÍI this lIUl1ln("r o,-'ca:-:iolwd at lower points, hav(" served to rC'dnce the 
rade for other 
points above, awl thu
, there ah:o, tilling has taken place; and 
till again, in the cañons tIlt' 
natural irregularity of règimcn, and the damming up occasioned by the lower mining dump:5, 
have made lllany extended reaches the 5torchouses of heavier detritus. 


Proposed al'ii.fìcial deposit of deiriius. 
1\" ow it is proposed to canse an increa5ed deposit from the waters of these streams, at such 
points that it will not damage private property or injure the navigable main drains below. 

o far as the currents of the Y u1Ja an(l Bear Rivers them:.:eh'es are concerned, it matter5 not 
whether they are either rf'store<1 
r supplemcnted by other (leep one::;, so long a'l the objeds just 
expr(!S:;;ed are attaiuC"d. 1ndee(l, the primary object being to pre
el'\re and improve the chanllel
 
of the main drains or navip;able stn>ams-thc :Sacramento and Feather Rivers-it would Sf'em 
to he advisable to avoid any immediate restoration of the channels of the tributarip:--: for matt'- 
riar
 washed from them mùst pass down into these larger river::;, and it i::; important to withhold 
all the sand that can pos:5ibly be held back, at least until such time as they-the river::; below- 
can have been brou
ht to a good regimen and scoured out. 
In view of thi:5 conùition. I recommend that the treatment for the Yuòa and the Bear be such 
as to retain their eha1llH'ls, for years to come, at least, somewhat as they now are, in wide al1Q 
"hallow beds: and rather encourage further deposits upon the sand wastes already fOrluéll 
(where thi:5 can be done without great damage to other yet uninjured property), than to cau:-o 
the rec.:toration of any deep channels through these deposits. 
This treatment should be pursued until f'uch time as it shall have been shown that the sand;; 
are stopped at higher point::;, and the large rivers below are, in a great measure, relieved from 
their filling, . . 
Locations for and character of dcems. 
'Within the cañons of the mounta,Íns through which the Bear and Yuba flow, it i::; not possible 

)y auy direct nwthod to.widcn the channels. This can only be accompli:..:hed by building up 
their beùs through the action of dams, tlms effecting the double object of increa:.:ed width and 
dt'c1"ca:-:ed grade above each dam. 
The subject of retaining the detritus by means of stone dams "ithin the cañons nf the Yubn, 
Riyer was discus
ed by me in Part III of the report to the Legislature, submittc(l in January, 
and allusion wa..; made to the possibility of effecting the same end by meaus of dam
 of brush 
and gra vel at l(\wer points on the same 
tream:;;, 
Further ob::;prvati()ll and thought have convinced me that the work f:hould be c011lmencNI ['" 
low down on the f-:treams as the detritus can be held safely, and that the dams built mnst at first 
be of the latter mentione(l cbs:..:. 
The !3ands store!l at lower points will themselves serve, to some extent, as dams for 
torage 
sites at points above; and furthermore, bl'ush wond is the only material to be had at some of the 
sites for dams, and these strUf'tnres Jl1U
t be built of it if at all. 
A brush dam pos:ôe
ses the advant.ages of greater stability and safety 011 Eoft or s
ndy founda- 
tiolls, and great cheapne::s 0f con:ôtruction. 
A rock dam has ill its favor the considerable adyantage of the durability of its lUaterial and 
of stability under gn'at floods-supposing, of course, its foundation to be 
el'lll'e. 
Upon tIle wiele Hillel flatg below the cañons propcr, undoubtedly brnsh IIams should IJe 
adopted, primarily, at least; while between the high banks of the foothill;:;, rock dams. where 
material is abundm
t, can be most conveniently built, and would have the advantage of per- 
manence to a de
ree which should l'e11(ler their ultimate adoption advisable. 
Storage below the cañons. 
'Vere the sands stopped at the cañon mouths on the Yuha and Bear, it would still be neces- 
Fary in preventing the channeling out at lower point:-; through the sand wastes ahove the 
Feather, to lay in some low brush dams or sillH. as heretofore alluded tn, in oreler that thpse 
lower sands n;ight not be swept down before the large rivers coulll receive them safely. rrhi
 
Leing the casf', it will be wise to make the::;e obstructions do the additional duty of holdin
 more 
f:and
 if p03siblC', and hence at the lowest point where this can be done with safety, the fir:-t 
dams shoulù be built. 
All of the samls which will come down these streams for several years call be thus stored 
IJelow the cañons proper, on lands already covered; and, by an extension of leveeing work, 
still grcater storage capacity cau Le obtained over the same superfices. 
Stone dams commenced Wl:tJi b1'ush. 
The 
rcat (lan
cr of destruction to a stone dam of the character and for the purpose's it is 
propo
prl to build them on tlw:-:e streamf-t, is from undercutting at its down :,;trf'am edge, aWL in 
building 01 "'tone alone it is difficult and expensive to guard against this action. 
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"With bru
h, howevcr. this difficulty i::= much more readil)T met. and it is p:opiì<""d to protect 
the :;;tone (lam.; by suhlllPrgecl bru..tl dams at the down stream ed
e
 of their apron
. These 
brush dam
, bv raising them higher, can be made to retain a large amount of sand abov'e them 
bpfore the stOl;e clam i
 commenced. and henc(', again, we haye Found argument...: not only for 
the con
:;ruction of the fir:;t dams low down on the streams, of bru
h, but for the COlfirnencement 
of all dams with that material. 


THE STO
E DAMS PROPO
ED. 


It ma\p be well to consider here for a moment the principles upon which we are to proceed in 
the matter of constructing dams, both of bru::;h and of stone, 


Slone dams-chm"acicr of. 
The proposed stone dams would be massiye structures of loose rubhle. not coursed or hann- 
laid, but 
')mewhat a:-:.;: )rted with respect to size of piece,:, as hereinafter explained, with crests 
ten to tweatv-five feet in thicknes
, and long 
lope,;: both up and down stream. 
For a clea; idea of the problem of these stone dams, it is essential to remember that. they are 
to be for the purpose of storing sands, and not water, and that it will not be n('ce

ary, under a 
proper sy
tem, to have any iìne of th(,111 more than twenty feet-say an aYera
e of twelye feet- 
in height, at any time. over the bottom immediately up stream from it. Hence tàe dam be- 
comea but a facing for an upper plane of saud; it becomes filled and impermeable only by 

lecrrees. as the sand:5 rise upon it: and the hydrostatic pressure behind it is alwav3 limited to 
th
t due to but a few feet in depth of water, "Such a dam is intended to be a(hlLd "to each year, 
using the filling aùove as a foundation for a portion of each addition, until the structure is 
brought to the de:;ire(l height for its site and becomes solidified with the filling against it. 


Stolle nams- theÙ- weak points. 
If rocks of sufficient size are used, its destruction could only be accomplished: (1), hy the 
water finding a low place in the cre:5t, and there concentrating it:; force; (2), by undermining; 
or (3). by flanking its ends, 
The mere preo:;mre of water or shock of a flood could not overthrow a dam of this kind: so 
that it.;: de,tructioll. if -ever accomplished, could only be gradual. anll not a swiden cata5tl'Ophe. 
Orllinary care in con:-truction and maintenance, and the u
e (JÍ very large :"tone on the crests 

tud down-stream face:;, would prevent damage from channeling down anti concentration of 
waters at any point. 
Ordinary good conc.:truction, too, will insure against the entIs bein
 flanked bv the floods, for 
the water may be kept away from the extreme ends of the cre:-t, awl a good junction may be 
made with the bedrock in the faces of the hills. 
(hI the foundation, we have the weakest line to guard. 
If large rocks-say twenty tons apiece-be laid in a row on the sand5 acrnC:d the bed of a river. 
such as the Yuba or the Bear, they will quickly disappear-the sands from between them will 
scour out. the rocks will gradually drop into the cavities produced, and will soon haye di::;- 
appe3red almost entirely', if not quite. 
If the same quantity of stone, broken to the size of ordinary river gravel, be placed in a ridge 
acro::;;;; the channel in a similar locality, it will not be undermined; the top stones will be swept 
ofl', probably, one by one, by the force of the current, and the whole ridge flattened down, in 
time po;;;;;;ibly destroyed by thi
 means, but it will not be dropped out of "ight. in the sands. by 
the action of the current pas:;in
 under it from abo\re. If there should be cunsiderable fall oYer 
it, and no apron or flat surface of stones below, the sands would probably be swept away from 
it;:; down-stream ecige, anù the stones ')1' gravel would be washed into the cavity thus formed. 
He:'e we have a picture of the manner in which a rubble-:;tone dam may be undermined, 
either by the water running along upon the sands. by way of the spaces, between the 
j.nnes 
that compo.;:e the structure, from abo,'e, or by the cutting under the lower edge of the structure 
after having passed over it:; crest. 


Stone dam,s for storing detritvs-principlcs to be obsel"ved. 
. Should we imagine a dam built up in thin layers, the material in each 
ucceeding one graded 
In size somewhat larger than in the layer below-from the dimension of the particles of sand 
up 
 those of the great. ma,;:s of rock capable of withstanding any force of water that can 
pos!':iblv be brought to bear upon it-we would have before us a dam totally incap<tble of 
destruction by undermining from abo,ye. because the inter:;tices bE'tween the particles of no one 
layer would be sufficiently great to admit the pas
age of a stream of water strong enough to 
wash out it
 particlp
 01' tho=-e in the layer next below. 
In tbe construction of 8tone dams to store the detritus on the Yuba and Bear Rivers we must 
approach this condition in tlwir parts: the sand:; under the foundation must be co,yered so that 
the waters of percolation will not "a
h them: the rocks upon the cre:;t5 must be of such great 
(limeno:Íoll:- that tbe force pf the \\ ateI' cannot lllove them, and the pieces of the intervening 
materiallllust be intermediate in size. 
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Practical construction of stone darns. 
The founùation may be secured by first depositing layers of very fine stone upon which to 
build; or the same o},ject may be attained b:y l>Ulltlillg the stone dam upon a. foundation 
mattress or matting of sUlall brush, with fine stone or gravel intermixed. 
Having secured the foundation from washing above, the undercutting at the toe must be 
guarder! against, 
First of all, for a com:iderable width below any overfall, there must be an apron to receive 
the shock o
' the waters and pN'mit of their taking a horizontal direction in the onward flow, 
hefore reachmg the movable bottom. 
This apron, of coun,e, woul!! be most durable if constructed of stonE:', provided its under- 
wining were guarded against, and to a stone dam there ;:,hould be a btone apron, though one of 
logs or of brush and gravel might be used safely for years. 
The lower edge of such an apron, of whatever material composed, unless it were of very great 
width aud the "vater spread oyer it in a n'ry thin sheet, would be liable t.o suffer from this 
undercutting iuÍÌuence, unless the trans}Jorting power of the water were broken up at that 
point. 
Flowing over or past a hard and fast Jine, such as the edges of a Btone or log apron would be, 
water almost always attacks the soft material adjacent to it, and cuts a hole or pit, On the 
contrary, a windrow or driftrow of brush, lodged in a current so that the waters partially pass 
hetween the branches, causes a deposit of sediment aml the formation of a bar below, which 
works up to and finally covers in the hrush itself. 
By a proper C'onstruction and the use of brush on this principle, with which to finish the 
lower eùge of the stone aprons, not only may their undercutting be prevented, but the sands 
may be C'aused to pile up where it might be snpposeð. they would cut out. 
I do not propose to consume time and spuce in citing instances where like effects have 
been artificially produced in engineering work. Suffice it to sa
T, that the annal
 of modern 
river engineering affonl analagous examples, and the working of the law upon which the result 
re;:;t5 may be observed in nature every day, and in many places upon our own streams, 
I am oÎ the opinion, therefore, that stone dams of this character can be put upon the saud 
foundations in th..e lower portions of .and at the mouths of the cañons of the Yuba and Bear 
Rivers with perfect safety. 


Da'lnsfor storing detritus, and othet' ,çtone dams, 
I remark the difference in principle upon which we should proceed in laying the stone dams 
here contemplated, from that followed in placing stone foundations for other purposes, 
In the ease of the proposetl rubble dams, we expect percolation through them, and only guard 
against the washing out of the material below by covering it in with other material, the nature 
or arrangement of which willllot admit of the washing. 
\Ve have water highly charged with silt, which it is expected will deposit its load in the dam 
as the Bands are rolled against it. We are not constructing to hold clear water, or to bear a 
heavy load, 
In stone foundations for a bridge or a masonry dam, the work itself is intended to be imper- 
meable and immovable from the commencement; the largest stones may be placed at the bot- 
tom. and it is not intended that they should move. 
In the case of the proposed rubble dams, although they must he placed on good sand and 
gravel foundations, and not on quicksand or "slickens," sett.lements which will be utterl!' 
destructive t.o works of the otlH'r class, would not be a serious circumstance; indeed. they are to 
be expected, and the dam's crest must be brought up to grade as well as raised., perhaps, to 
accomplish more storage each year. 


Stone, the propcr material for tlte future,. brush, for the p'l'csent. 
And, in view of the fact that all dams tö be used in storing this material should be as perma- 
nent as possible, I think the great mass of it in the future should be stored above stone works, 
nut, considering what has prece(led in this paper, I am clearly of t.he opinion that the work 
should be commenceå with hrush structures, and possibly this brush work can be used in other 
ways so as greatly to cheapen the stone structures, as hereafter suggested. 


THE BRUSH DA
S PROPOSED. 


Conc0rning brush dams there is not so much to say. The illustration heretofore cited of a 
driftrow of brush lodgt'd in a current, affords the idea of the simplest form of such a work, au(l the 
natural growth of brushwood and small timber over the 
and flats in Yuba River and Bear ltiver 
presents another excellent example of a pervious brush dam, which causes a deposit commenc- 
ing below it, hy breaking up the lines of the current, and thus destroying its eapacity to transport 
its load of solid matter. 


Natural brush dams. 
One cannot long stu(ly the action of this growth in the localities mentioned, without bein,g 
t.horoughly ('on vinced of the efficiency of the brush dams which nature thus rears in the way of 
the floods with their charges of sand. 
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It has only to be seen for the fact to be appreciated, that but a small proportion of the solid 
matter i::; carried thmugh such an obstruction, and that it would only be nece:::sary to close the 
channels intervening between the great growths of }Toung tree3, by similar obstructions, to 
cause an almost c0ml'lete intercepting of the detritus. 
TllU
, were the sand-covered tlat5 of the Yuba and Bear Rivers flanked by high plains or 
levees, they might be made to retain the sediment to be brou
ht down for a number of years 
to come. by simply cau5ing the sands to rest upon them on greater gradh, by placing low per- 
meable bru.;:h dams at short intervals of space in the way of the currents, and adding to them 
from veal' to veal'. 
As ìt is, ho\n>ver, no such banks exist very far down into the plain; the time has pas5ed 
when this action could have been availed of to any great extent without artificially confinill
 
the waters on the 
ides, and for this purpo
e very large levees must be now constructed, although 
by such means the storage room below the foothills will be increased, yet it is limited, and v. e 
must look for,,-arrl to the time when it will be exhausted. 'Vhen we can no longer raise the 
lower portion of the 
torage ground there will be an overfall nece
5ary at some point-the 
lowest limit of the def'p 
tonwe-and for that a perviou:5 brush dam will not suffice. 
There mu""t be a firm structure down whose face water may fall. as over a stone dam, without 
washing out any of the material in or under it. 


Impe1'rious b1.1'-Sh darns. 
Of gravel and bru5h or small tre{>s. such a dam can be readily built to a moderate height. 
The main :-truC'ture, in order that it may be firmly held to the sand and gravel, must be built 
with the tops of the trees up stream with their branches covered in and incorporated with 
gravel or coar!"'e sand, by which arrangement also the butt end
 are placed down stream and 
form the overfall face and crest of the dam. 
A heavy aproll, imnH diately below the overfall, should be constructed in similar manner: 
while to prevent the undercutting action from below, a lower apron must be provided with the 
brushy en(ls of the trees down stream. 
"
e\vould thus have a dam a
 immovable as a drift tree which lodges upon a sand bank and 
forever forms a snag, unless removed-by human agency. 


Stability of brush dams. 
If we consider the width to which the waters of the streams now unaer discussion are spread 
at the points where it is proposed to construct brush dam
, we will realize how they will be 
robbed of their destructive force by being led tn encounter an obstacle such as a dam in the face 
of the entire front of their flow. 
For in::,tance, the extreme flood discharge of the Yuba River is about fifty thousand cubic 
feet per second. and its ordinary flood discharge does nnt exceed half that amount, while its 
usual discharge through the 'Vinter an<l Spring is about five thousand cubic feet per second. 
I take the larger figure to illustrate the case: At the De Guerre dam site, the shortest pro- 
posed line of construction for a brush dam, the overfall .will be about five thousand feet in 
length, Fifty thousand cuhic feet of watel' per second, running at a spef'd of ten feet per sec- 
ond, will pa
s over a crest five thousand feet lnng in a sheet one foot deep, or running at the 
rate of fise feet per second, it would pass over the five thousand foot crest two feet in depth. 
In actual practice it would run at a rate according to its \
elocity of approach to the dam
 
which would make it from 1.3 tQ 1.7 feet deep over it. 
'Vith a stick to brace himself, a man could almost wade across the Yuba 
ivet on the crest 
of such a dam at the time of its greatest discharge. and could certainly do so at time of ordinary 
flood, provided the dam was so placed and constructed that the water approached it with nearly 
equal velocity at all points. 
Sow, a sheet of water a foot and a half deep, moving at the rate of seven feet per second, 
represents about the maximum moving force we have to conte-lid against. and under such cir- 
cumstances it will not be a difficult task to construct brush aprons below the dam, and so guard 
them as to insure against undermining. 
'Ve have examples of brush dams of comparati,-ely slight construction in California which 
have long withstood the action of water running over them to an equal, if not a greater depth. 


Governing the deposit of detritus. 
There can be no doubt but that the gravel, sand, and much of the finer seàiment brought 
down by the:;e rivers can be deposited almost wherever it is desired to place them within the 
territory now covered by the sediments, and held there permanently by brush work only, to a 
height varying from one to h\ enty feet, in addition to the depth of detritus already in place. 
The practical limit to thus disposing of this 
and will be found in the leveeing to preyent the 
overflow of adjacent lands, 
Recent river works have shown in a wonderful degree what complete control the engineer 
may have over the currents and their sediments, if he only study his subjects closely and seize 
upon local advantages. 
,r e all know that a lattice fence forms a C"omplete wind-break. San(ls blown up from the 
beach are arrested and made to pile up in great dunes or ridges parallel to the water front bv 
the construction of light wicker work or brush fences. 
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,V orks of this kind are numerous in older countrief:
 and the experiment was succt'f.;sfully 
carriC'd on for seyeral seasons under IllV direction at the seaward end of Golden Gate Park III 
San Franci
oo. . 
Similar con
tructions which do not present enough resi:;bmce to thE' currents of watpr to be 
swept away or undC'rmined by them are now use<l to gra{lually check their velucity and to force 
tllf'm to drop their sand:s-like those blown by the winds from the beach-where the engineer 
desirec;; to have them rest. 
'Yithill the last two years, upon the Missouri Riyer, n('ar Omaha
 a greater advance has been 
madp in this cla
s of work than was previously chronicled to my knowledge, 
I here quote from a popular aceonut of tllC':::e operations, rl'cently pnhli:-;hell in the Scienl(fic 
Am.fì'ic(l/1. f1pfp1Ting Hlol'{\' extellcle<<l notice of the official report fI!1okf'l1 nf. and the details of 
works, until I submit to you a special report on the improvement of the larger streams in your 
district. " 


ExpC1'ience on the lIIis8oll1,i Rh'er, 
Speaking of the l\Iissouri Rlver, the journal, after J.escribing the action of the stream at cer- 
tain point
, --<1.\'s : ..... 
"To ke('p the river within regular bounds the yielding banks have to be protected, the 
yelocity of the current diminished in certain places. and the channel held in place by building 
up or s.olidifying its sides. The different means employed in this 
ort of work are described by 
f'aptain II<LllLllry of the Engineer Corps, in a recent report upon the conditil)ll of the ::\Iissouri 
Rivf'r. near Omaha. For causing deposits to take place, and for deflecting the currents in 
localities that are to be built out, floating brush 01Jstructions have bef'n applie<<l wit.h marked 
succe:-:s, Tlu" most successful of these is the floating brush dike, marle by taking 
aplin
s from 
twenty to thirty feet long, and from four to six or eight inches in diameter, and nailing or 
ÜlstPl1ill,g to them with wire, scraggy brnsh of any kind obtainable in the locality, This forms 
what is known as the' weed,' Instead of the sapling::; rope may be used to hold the brush. '1'0 
one end of this' weed' is attached an mlehor of snfiicient weight to hold it in position against 
the currcnt; to the other a buoy to hold up the down stream end and prevent it from going to 
the bottom under the pre
sure of the current against it. These' weeds' are placed from ten to 
twenty fpet apart, thus formin
 the floating dike. Their 3etion is to che('k the current 
gradually. without producin,g that seoUl'ing effect to which the solid dike gives ri:-e. This clone, 
a portion of the material which is rolling along the bottom or being l'arrieù dr.wn in suspension 
is deposited. and caU5es a rise in the bed of the river, whieh changps its channel to the direction 
desired. The rapidity with which the
e deposits take place is truly wonderful. One season Ís 
often sufficient to raise the river herlnp to the limits of ordinary high Walf'r, 
" _\.nother form of obstruction that has been tried with success is the willow curtain. This, 
as its name in<<licates. is made of willows about an inch in diametel or larger, fastened parallel 
with eaeh other, and from six tu eight inches apart, by means of wire. rrhe curtains ean be 
made of any ùe:;ired width and length. They are anchored in position by weights <Jttached at 
Ï1Jteryaì:; along the lower edge, aud held in an upright or inclined position ill the water b: T 
Roata made b:-;t to the upper edge. Their action is similar to that of the' weed:-;.' 
" Another furm that has 1Jeen experimented with, and which bids fair to gi ve good result5, is a 
screen lll:1de totally of wire, something after the fashipIl of a seine. It is anchored and buoyed 
like the willow curtain. The rootlets and small vegetable fibers that float in large quantities in 
the water aceumulate upon the wires, and form obstructions sufficient to check the velocity of 
the 'unent," 


A ppl icrdion of the above expe'i'ience. 
Here we find remarkably favorable results produced in a deep and rapid riyer, by methods 
the mo::;t economical and safe in their application. It only requires an intelJi;!;ent study of our 
circumstanccs here to apply some one of the
e contrivances successfully in ('ach case. 
Fur in::itance. I do not doubt thflt the Yuba Hiver, now ('oursing down the line of the north 
Ievl'f', for about three miles of its length, transporting a great volume of se(liment past it daily, 
call be made to depo:;it thii> load where it now threatens erosion, by the nse of some snch means as 
the hrus 1 1 curtain applied on the Missouri River. Thus, by checking the current at short illter- 
nd" by these screens, we would huild up a levee strong enough to resi:-:t all attacks of the 
flooùs-for there is no reason why it should not be a thousand fi.--et through on the base, all 
depositefl hy the watpr itself up to the height of the flood line, 
These screens are really open work brush dams, and act as has been described before of such 
work:::. 
ThC're are circumstance
, then, undf'l' which pervious brush dams may hf' used to advantage 
on the Yuha and Bear Rivers, but to store the great mass of sall<ls that are to come down these 
rivers, ('veIl during the first fèw years of this work, more suhstantial structures will be required 
of brush and grave), and in the future the great ma:-:s of detritus BlUst be held by rock dams 
hetWl'ell the footJ1ills as before described; unless, indeed, it is proposed to let these sands spreaJ. 
over largC' areas of land as yet uninjured. 
AB(l J1ere I J"f'mark that the application of this idea of cansing the waters to deposit their 
hnrden of detritus by opposing at short intervals permeable obstructions to their How, is almost 
illim itabl". 
By the w-.e of heay)' hru<;h curtain:,; trailing in the waters, anù swung from shore to shore in 
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the wider parts of the river cañon::; by means of cables, it would be possible to arrest the great 
ma::,s of sands between a series of luw rock brush rapids, and thus fill up the whole cañon for 
a number of miles in len.-ylh at once. without the use of any heav
r dams at all. 
The cost of the work w
uI.l probahly be excessive, however, and the plan is nnly mentioned 
to show to what extent the p

:'Iibjlities in this n
alter reach. It is evident ttlat setiiment-bear- 
ing waters may be made to deposit 
heir load under any ordin.ary circumstances; but it is 
lso 
clear that if the water":i are to continue to run over the deposit, some more stable obstructlOm
 
must be introdueed to prevèut ::mb:;equent erosion. lienee the introduction of the rock and 
brush riffles spoken of above. 


Our 'w01'k not an expc1'lfitel1t in ihe popular sense, 
It is well in this conne('tion, also. to allude to on(' more point. It has Leen 
aid that this work 
is altoO'ether exnerimental. This as,..ertion is not correct. 
K otbing is m
re certain than that the flow of these sands can be arrested before they reach 
the main ri.vers; the engineering principles upon which we are to work are well understood, 
and their operation provpn. - 
But, under the particular circum5tance
 which we have, there is a question as to how the 
object can be mO:5t cheaply accomplished. 
To this extent the work is experimental. and if carried forward Ìlltelligently it. cannot but 
result in showing, after tbe first year or two of trial, wherein economies may be practiced and 
the ot
ect attained at less cost, as all river works have before it. 


SPECIF!CA.TI01I.S }.'OR BRl"'SH WORkS. 


On this day I hand you specifications for brush dam
 on the Yuha and Bear Rivers. 
They are ùrawn for heayy dams, intendell to become rapidly impermeable as the muddy 
water tlows o\-er them, and upon the principle heretofpre laid down. In my opinion. it will be 
necessary to put such structures, at lpast, acro:;:
 all open channels wl1ere the force of the current 
at flooù time is tu be resisted, and. it is intended to ('aU5e a deposit for the full width of the 
stream: in other words to store the detritus ahove the dam. 
'Vhere tlw line of a dam i,;; locaterl through a. hea\?y growth of brushwood. or young timber, 
the charactpr of tbe structnre may be changed so as to effect a material 
<iving in cou::;tl'uction. 
A belt of sueh timber left st:mdil1g forms a dam for oUI purpo
es itself, and taken as the 
framework of a permeable dam, this kind of a structure might be put up through slich a belt 
at a very moderate cost, in line with the hea\"ier dam:;: across the open channels, 
I do not attempt to draw specifications for this class of work at this time, Indeed, SI) much 
will d
pel
rl UpO
l the exact character of the growth it
('1f, that it wi)} be nec
:5sary to examine 
each hne 111 detml before any such attempt can be made to advantage. 
'Vhen the lines of the proposed dams can be gone oyer after the water has fallen somewhat 
Ulore, I will, if desired, make specifications as are required. 


Dffficulty of describÙzg river work." in detail before construction. 
. Here. let me call. attention to the difficulty of drawing a description of such works sufficÌenUy 
III detaIl npon whIch tn contract. 
The best laid. plan
 for this class of river works ha\-e almost always to be chanO'ed to suit the 
pe('uliar cirem
l;::tances and conditions found or developed during the course of op
rations. 
FI:eque
ltly It may cost near as much to make the examinations necessary upon which to base 
specificatIOns for su('h works as it would cost to do the work itself under management, where 
there was la
itude for the exercise of discretion on the part of the engineer in charge, 
A.nd I 
eslre to be under
tood now as saying that much IUU::t be left to the judgment of the 
engmeer III charge, who, as the work progresses, should fit its details to the conditions pre- 
sented. 
For this rea
on it would be much better if this work could be done by dnv labor and not 
under contract; though it is pos
ible that the objections to this arrangeme'nt from other causes 
would more tban counterbalance the advantages presented upon the score just spoken of. And 
y
t I ca!1no.t see how !he thousand and one littlp jobs of work. which I may with truth call 
shtches tn t1me, that will have to be carried forward bv your EnlJ'ineer. can be done b,' contract. 
It wilJ cost as much to advertise 
ome of them as it ,V:iIi to do them. . 
Very respectfully, your obedient servant, 


'\,"::\1. HA)'I. HALL. 
State En,;ineer, 


.Froln the foregoing reports it ,,
ill be observed that in consonance 
".Ith the 
a"-. under ,yhich ,,?e are acting, the sole object of onr 
endeavors 1'3 dIrected to P }.
omotin g drainacre and ,,-hile SOlue of the 
t . b , 
ope
a Ions .may, .to a secondary extent, produce re
ults apparently at 
varIance ,,-1th thIS theory, yet, in eyery instance, the prÍlnary object 
3 V 
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has beeu, and is, to expend the funds intrusted to our lYHUUtgelnent 
in such manner only as ".Till further the en ù in vie,y, viz.: to s
 
Ï1nprove tIle regÏ1nen of the main artery, the Sacnllnento }-{jyer, that 
it Inay safely, and ,vith certainty, conùuct thc ".ûters 01 its tributa- 
rics to the great outlet \\Thich nature has provided. ...\..s a sequence 
of thi
 re
ult, the navigation of the Sacnullento "will doubtless be 
Í1l1proved, the land
 adjacent to the 
trealn ,viII gain protection, the 
debris frOlTI the nlÍnes ,vill be arrested, and l1HlUY n1Ïllor aùyantages 
gained, but they are all secondary, and depencleut upon the one pri- 
Inary object. 
It ,viII also be oh
erYed that hvo general classe::; of ,yorks are rec- 
on11nendecl, tho :first being preyentive, and having for its object the 
restraining and Í1npotlnding the sands of the tributaries, and thus 
preyenting their entranc
 into the navigable ".aters of the lnain 
strealns; the second, relnedi
l, anù intended to in1proye the channels 
of tbe strean1S as flood-carrying and navigable channels. In pur- 
suance of the first of these objects, and for the purpose of arresting 
the flo\\T of detritus frOln the lnines, ,ve have caused to be constructed 
penneable brush darns across the Y
uba and Bear RiYers. 
That upon the Yuba is located, approxÜnately, seven and one-half 
lniles above l\Iarysville, is nine thousand six hundred feet in length, 
and has an average height of seven feet. 
That upon Bear River is located at Johnson's Olù Cl"ossing, about 
three n1iles above \Vheatland, is six thousand fect in leugth, a11<1 has 
an average height of six (6) feet. . 
The follo"wing specifications ,vill serve to iJIustrate the lnode of 
construction of those daIns, it being prcn1ised that the one on the 
Yuba is located at ,vhat is designated as Site Nlunber T,yo (2), and 
not at the point first proposed, and that the specifications "wero SOlne- 
what lnodified, both before the ,vork began and during its progress. 
For an aCCOUll t. of these lnodifitations, aud the rcason therefor, ,ve 
refer to the report of the State Engineer, which \vil1 he subll1Ïtted to 
you, 
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SPECIFICA TIOXS 


FOR A. BRUSH DAY O
 THE YI;BA. RIVER, DRA WX FOR PROPOSED LIXE3 FOR 


D \Y X1JYBER ÛXF:. 


UA)f EIGHT FEJo
T HIGH, 


Cross section of dam, exclusive 
 
. 4UO square feet. 
of backing___________________ j 
E xc.\. Y A TlO:S- 
Pit at heel of rl.auL_ ___ ___ 64 
Pit at toe of (lam__ ____ _ ] 30 


194 


::::olid contents of the } 
timbE'r amI brush in lOX;- Cll, yds, (2.19 ('ords) per 1 f.1ot of d&.m. 
the darn, ïO per cent. 


Ballast in dam. 30 percent. 4.4.4 (,ll. 
 ds. per 1 ft. of daill. 
Grayel backing ______ ____ 2.UO cu. yds, per 1 ft, of danl, 
Excavation_____________ 7,19 cn, rds, per 1 ft. of dam. 


TREES REQCIRED PER OXE FOOT OF DAM. 
1.35 tree", H inches in diameter, 33 feet long. 
1.35 trees, 8 inches in diameter. 34 feet long. 
L.35 trees, 8 inches in dianBter, 35 feet long. 
1.35 tree
, 8 inches in diameter, 3tJ feet long. 
3.60 trees. 6 inches in diameteÍ', 17 feet long. 
3.60 tree::;, 6 iuche:; in diameter. 16 feet long. 
3.ßO trees, 6 inches in dia
eter. 15 feet long. 
3,60 trees, 6 inches in diameter, 14 feet long, 
4.32 trees, 7! inches in diameter, 17 feet long. 
1.44 trees. ï 
 inches in diameter, 20 feet long. 
1.44 trees. ï 1- inche5 in 
iameter, 23 feet long. 
1.54 tree
, 7 inches ill diameter, 3
 feet long. 
1.54 trees., ï inches in diametpr, 30 feet long. 
1.54 trees, j inches in diameter: 2q feet long, 
1.54 trees, 7 inches in diameter, 26 feet long. 
1.54 tref'
. 7 indH>;:: in Qiameter, 24 feet long. 



4.ïn 
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SITE AXD CHAR<\CTER Of' THE DAM, 


1. The site of the proposed dam is on the Yuba River, 9.28 miles in a direct cour:=.e above the 
county bridge, across that stream at l\Iarysville, and in a line immediately across the geTH'ral 
direction of the river from the long rocky point which puts out from the north highland 
hore 
into the sand and gravel covered bottoms, now occupied by the waters as a flood channel. 
2, The alignment of the work designated" site of the proposed dam No.1," as determined 
upon preliminarily, is shown on the detail map of Yuba River, to be seen in the office of the 
State Engineer, or the office of the Board of Directors of the Drainage District in the State Cap- 
itol building, and the posit.ion of this line is marked at each eml on the ground by a redwood 
stake, 6x6 inches square, to which is attached a small pole and flag; the post being 1llarked 
with the brand of the-8tate Engineer Department (S. E. D., 1.). 
3. In the direct course the distance across the high-water river bed between these posts is 
about 4,800 feet. The sands of the high-water channel orcupy about 4,600 feet of ihis distance, 
and vary but little from a level plane iOn their profile along this line, except at several points 
where channels three to five feet in depth are cut down, At their low stage the waters run in 
these channels, or one of them, to a'depth of one to two feet. The bottom of these channels are 
of gravel, and the intervening plane, composed of sand and gravel, is at points coverpd by a 
slight growth of timber and brushwood. The northern end of the line is on a bold rocky point; 
the southern end on a sloping earth bank. 
4, It is proposed to construct 011 the site thus dêscriberl a dam of brushwood and gravel, to a 
height of eight feet above the average elevation of the ground's surface, and it is presumed 
that this dam will range in height from four to twehe above the foundatIOn, 
5, Accompanying these specifications will be found a tracing slwet marked, "Plans for t1w 
proposed brush dams," exhibiting cross-sectional drawings, with dimensions and quantities ûf 
mateïials (as estimated) in the .proposed dam for elevations ranging from six to ten feet, 
inclusive. 
6. From these drawings it will be seen that the structure will consist, in general terms, of 
close crib-work, composed of small trees with the branches and bushy tops for the most part 
left on, the spaces þetween the trees aI\.cl branches being closely packerl with gravel and small 
brushwood. And further, that the upper toe of the structure is heeled in below the surface of 
the ground with its top on" a level therewith, while the main part, which forms tlw (lam proper, 
rests upon the natural surface adjusted to a level planp, 


LONGITUDINAL DISPOSITIOX OF THE DA}f. 


7, This dam is to be constructed so that its crest, as reprE'sented by the upper edges or corners 
of all the three butts which end at the top surface throughout the width thereof (up and down 
stream) and for at least 4,UOO f('et uninterruptedly of its lpngth, on completion and final accept- 
ance of the work, shall be within four tenths of a foot of 011E' levE'1 plane. 1:;0 that allowances 
made for settlement must be agreed to by the contractor before and during construrtion, as the 
exact circumstances of foundation and character of material are ascertainprl; and the work 
must be so done, at the contractor's risk, that the condition, as to elevation of crest, will be 
present on final completion as aforesaid. 
8, On completion and acceptance, also, the down-stream edge of the darn's crest must he in 
such alignment that it \villnowhere depart more than one foot from the straight line forming 
its ends, and the over-fall face must he on a uniform slope of about forty-nve de
rpes, as shown 
in the drawi ngs, 
9. Each way from the level portion (the position of which will be designated hy the rp.
i- 
dent engineer on commencement of the work) the tlam.s crest must rise towards the ends thereof 
on slopes of from two in one hundred to six in one hundred, as may be deternlllH'rl upon by 
the resident engineer, preserving a level-topped cross section, and ending at an elevation of 
six (ô) feet above the plane of the level portion, 
10. Arcording to the shape of the ground surface and character of the material found along 
the line, the foundation of this structure is to Le laid in level benches in depths Lelow the 
general surface of the adjacent portions of the stream-bell, approximating closely to those 
shown on the diagram of cross-se('tions. The exact grade of each bench or division will be 
determined by the resident engineer before or during the work of ronstruction, when the 
character of the material and shape of the surface becomes known. Each two adjaC'ent benches 
in the foundation are to be connected by a slope not in exC'ess of one on ten in degree of incli- 
nation. and 110 bench shall be less than one hundred feet in length, exclusive of :my such 
slope. 


CROSS-SECTIONAL DISPOSITIOX OF THE DA \f, 


11. When finally completed and accepted as a whole, the crest (as b('fore defined) of this dam 
shall nowhere vary more than four tenths of a foot from a level plane in any line across it, 
The trees on the up-stream face of the dam must lie in a pl:ll1e sloping within five degrees of 
the inC'lination which corresponds with a slope of one on two (Ion 2), and its down-stream face (as 
made up by the butts of the trees in the body of the dam) THm;t lie in a plane sloping within 
five degrees of that corresponding to a slope of one on one (450). 
12, The plane of the lower apron (as shown by the red line in the cross-sectional drawings) 
in each longitudinal bench-division of the work must be within two tenths of a foot of the 
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grade set for it, whiC'h will be eyen with the average elevation, as at first found. of the ground's 
surface adjacent to its lower edge. 


FOt;XDA TIO
 OF THE DAM. 


13. Upon making a profile :::u.n-ey and <hawing of the site of the dam, the residen
 engineer 
williav out the work in di\rjsions. each of which shall be at least one hundred feet III length, 
and su
bsequentIy the foundation is to be laid down in each of 'such divisi
ns as a whole, or in 
subdivisions not le
s than one hundred nor more than two hundred feet 111 length, as may be 
deemed best by the engineer. 


EXCA\TATIOX. 


14, For at least half of such division or subdivision, as the ca;;:e may be, the excayation is to 
Le made complete to the determined sub-grade before the laying of the bru:;:.h i" commenced 
within the same, 
15. The work of exC'avation may be carried on by any method "to suit the contractor's con- 
venience. Spare material mu:::t not be left in a continuous ridge below the apron, but such 
ridcre, if made in the process of excavation, must be broken through at one hundred feet inter- 
val
, anù free escape ways mu
t he provideà for the water on a level with tbe top of the adja- 
cent portion of the apron for at least half of every subdivision of the work. 
16. The depth and width of the excavations for a dam of each sized section probahle are 
shown on the diacrrams heretofore referred to, and these dimen
ions are to he closelv adhered to 
in each in!'=tance, 
n the average throughout each division of the work, except as
 provided in 
next paragraph. 
17. In cases where the material found in excavation is not such as, in the opinion of the 
engineer in charge, it is desirable to uuild on, the contractor will be required to continue exca- 
vation, if necc

ar.r so to do, to as much as twice the depth originally rle:::ignated on the profile 
and diagrams of cro

-sections, and huihl the structure thereon at the contract rates for the 
work; piovÙ/ed: that no excavation shall ever exceed six feet in depth on the average for any 
one hundred feet of foundation, 
18. It being understood that only in ca:::e of such material as soft slime or ":;lic1{ens," and 
quick-
and being encountered or other :mb
tances which would renrler the foundation unsafe in 
the opinion of the engineer in cllal'ge, are the excavations to bp. made deeper than those origi- 
nally set out on the .profile when the grades are first established. 
19. In case material3 of such consi::;tency that the foundation pits cannot he maintained 
after excavation are encountered, then, in the disC'retion of the engineer in charge, the excava- 
tions may proceeù in smaller subdivi::;ions at a time than those heretofore designated, which 
shall be immediately filled with bru:;:.h ami gravel to such an extf'nt an(1 in such manner as the 
engineer in charge may direct. 
20. In general, the sub-grade of the structure, being the ground surface upon which the 
structure is to rest, is to be disposed as shown in the cro
...; sectional drawings: and the longitu- 
dinal profile hereafter to be Tl13de as atoresaid. 


TilE STRL'CTl"RE. 


21. rpon the ground surface thus shaped and prepared, the structure is to be hnilt in the 
following manner: 
22. The lower apron laid entirely beneath the average plane of the ground's surface, is to bf' 
first built in each di\Tision or suLdivi
ion of the work. . 
23. It is to b
 composed of small tree
, varying from twenty-five to thirty feet in length in 
the averaged sIzed structure (and of greater or less length, as shown in the drawings for the 
larger and smaller cro
;:; Sf'ctiOllS), a11l1 four to eight inches in thickness of butt, laid close 
together lengthways up and down stream. in horizontal layers. separated by smaller poles placed 
at right angle:-5 to the direction of the trees in the layers. the whole to be consolidated and filled 
in with small bru;;:h loarled allrl incorporate(1 with gran>l to the extent of thirty per cent. in 
bulk of the structure, 
24, The poles of each set arC' t.o be spikod solidly down upon the tree trunks below. and the 
trees of eaC'h layer are to be F:olidly spikpd down to the poles upon which they rest. Tree nails 
of hard woofl J11RY be used in this fastening, or iron spikcs of sufficient length to take at least 
two anrl a half inch hold mRY be used. 
25. The upper apron, laid partially below and partially aboye the natural 
urface of the 
ground, is to be next built. in each division or subdiyi
on of the work, As shown in the sec- 
tional. drawings, this apron rests partly on the lower apron ann rartly on the ground. up stream 
from It. 
26. It is to be composed of the same class of m.aterials as the lower apron, and laid in the 
following manner: :5ll1a11 trees or trunks of trees, varvin cr from fifteen to twent\"-fiye feet in 
lcngth in the average 
ized structure (and of greater or le:-5::tlength, as shown in the drawings 
for larger a11l1 f5maller sections), and six to nine inches thickne:,s of hutt-are to be laid C'lose 
together lpngthways up an({ down f'tream. in layers sloping <lown wards and retreating up 
stream, the butts exposed on the down stream erlge of each layer, co\"erecl or uuried at the up 
stream edge, and for the greater portion of their length. Alternating with these layers of trees. 
poles of smaller diameter are to be laid, cro:"sin
 the tref'S at right an,gle:::. The spaces are to be 
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fined in with small brush loaded and illcorporated with grayC'1 to the extent of thirty per cent, 
of the bulk of the structure. 
27, The poles of each set are to be solidly spiked down upon the trf'e trunks below, and the 
tref'S of each layer are to be solidly spiked down to tÌle poles upon which thf'Y rest. Tree nails 
of bard wood may be.used in this fastening, or iron spikes of sufficient length to take at Ipast 
a four inch bold may be used, 


THE DA}I PROPER, 


28. The dam, resting partially upon the up stream edge of the upper apron, partially upon 
the ground'::; surface lIext above, and partially in a pit at the upper edge, is to be next built in 
each division or subdivision of the work. 
29, Its composition and the arrangement of its parts is similar to that of the upper apron. 
Small trees or trunk::; of trees fourteen to eighteen feet in length 31111 six to nine inches in 
diameter of butt, are to be laid close together lengthways up and down strcam, in layers 
sloping downwards, in an up-stream direction, the blltts exposed on the down-strpam edge of 
each layer. Alternating ,-\"ith,these layers of trees, poles of smaller diameter are to be laid 
cros:;;illg the trpes 
Ü right angles, The spaces in the layers and between tbe layers arc to be 
filled in with sfllall brush, loaded and incorporated with gravel to the extent of thirty per ('cnt. 
of the bulk of the structure. In this manner the dam is to be built up to the int.ended 
élevation of its crest; and then trees of larger diameter and thirty to fOlt)' feet in length arf' to 
be used, as shown in the Ecetional drawings, wit.h their butts in rOW:3 f()1"l1lillg the top surface of 
the dam, their trunk
 :510piuh downwards up-stream, on an angle of about one below two, an(l 
their tops buried in a pit and incorporated with gravel anrl brush as in other casC's providcd. 
30, The dimensions of materials in the dam are given for the average sizpll structurt's (tlIat 
eight feet higb): larger trees are to he used where the dam is higher, and smaller may be used 
where it is lower. 
GRAVEL n \.CKING. 


31. On the up-i4ream Î
ce of the dam, and on the toe thereof, a bank of grayel is to be 
placed, as shown in the drawings; in amounts in tllC' different divisions of the work varying 
with the height of Uw strn('tnre, a!-3 followR: 
On a 4 foot daHl, ],00 cuhic yards of gravel per linear foot. 
On a 6 foot dam, ],50 cubic yards of gravel pel' linear foot, 
On a 8 foot dam, 2,00 cubic yaJ"(l
 of gravell'èr linear foot. 
Ün a 10 foot dam, 2.50 cubic yards of gravel per linear foot, 
On a ]2 foot dam, :U)() cuhic :ranIs of gravel per linear foot. 


STOXE B -\{'KIXG, 


32. In the discretion of the Boarcl of Directors a rough stone backing may be sub<;tituterl for 
the gravel backinK; this point to bf' determined after opf'ning the bids for the work, 
33. In case such stone backing is adopted, t hen it. shall be placed as is the gravel backing. 
or as directed hy the engineer in charge. alld the amount of stolle used will be about two third:.; 
of those designated for the difiÞrent heights of dam for a backing of gravf'l. Special figul'PS in 
the bids for gravel and for stone will he l"f'quired, as hereafter provided, 


THE ENDS., OF THE DA}f. 


34. At the nort.hern end this dam ]s to be set in a bench cut in the rock point from which it 
there springs, in such manner as may be designated by the engineer in charge; p1'o!:ided, that 
the excavation neC'essary shall not cxceed 600 cubic yards in amount, 
35. The end of the dam itself is to Lf' thoroughly cov<>red and protected with rough stone. as 
may be directed by the engineer in charge; provided, that the amount. of stone neC'csf-:ary shall 
not ex('ped 1,200 C'ubicyards. The character and size of Rtone shall be same fi
 that for backing, 
as befiH'e specified, 
36, The southern end of the ùam is to be similarly covered in and protected, and C'onnected 
with the face of the hill or slope against which it will rest, and the same provisions are to 
apply. . 
37. And all conC'erning this eud finish and protection of the dam is to be consillered with 
the proviso that the Board of Directors may adopt whatever methorl or plans of work they may 
consider hest under the circumstances, and may, for as m nch as ] ,000 feet iu length, at the 
southern end of the work, suhf-titut(' or append an earthen emhankment or leyee, protecte(l on 
the upper face by a rip-rap covpring of rough stone, in pieces llot le
s than one cubic foot in 
length. 


EXD TRAI
IXG WALL. 


38. At the 
out.hern end of the overfall of thc d8m, a training wall, built as a groyne to the 
dam amI ill a similar manner to the dam itself, is to be C'arrif'd out from the lower face of t.he 
dam to a distancE> of one hundred feet and returned, parallel to the dmn, to the hard hank 
Janrf, to a di
btllC'c not excPNling four hundred feet. and this shall form a finish to the apron at 
that end, and beyond it no apron ne('(l be con5tructed, 
3g. 'The connection between the groyne and the datn is to be made a
 the engint'cr in charge 
may direct, as are all C'onnpC'tions amI finic;h in dptail of the parts. 
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MISCl.LLA
 EOUS PROVISIO
8, 


40. In the t'oIJ
tru<-tiou of thi:; dam, it wiJl be uèce:,sary to turl1 the water
 of the stream 
from their low-water channel in order to construct therein: and thi::; work i;:; to be åone by the 
contractor at his own risk and expen:5e. without compensation other than provided for in pay- 
ment for the main work. 
41. The brush and tree:-: necef'::ar\" fi)l' the eonf:tructit\n of this dam are to ùe cut off the 
and- 
{'ow-red flat
 a(Ijacent to its 
ite. an
d the Director
 guarantee to the contractor the right to cut 
allrt relllovc the same without compen5ation t'ol' damagt:,.; or payment for the H13terial; ]JI'Ol:ided, 
that iu such cutting and trall::;portation, the contractor C'onstructs all necessary roads and cause- 
WQY8, and openin
;:; in fences, etc.. and PXerCi:3:èS due diligenf'e and care to avoid unnecessary 
damage: and furtho' prú-,;ided, that the Directors will not be re.spon::.ible for any damage occa- 

iúned by rea50n of the escape of stock, or the inroads of ::;tock upon crops or pastures whiC'h 
may be occa
ioned by the openings in fences. made b

 the cOl1tractor, or ill any way by the 
o('('upation of premises by him, 
42, The brush cutting shall be conducted under the direC'tioll of the en,gineer in charge, and 
iIi no case "hall all of the brush be stripped from tllP land below the site of the dam; but belt:; 
thereof, at lea:,t fifty feet in width. shall be left at five hundr(>d fl"et interval;;;. and extending 
acrOS:5 the general direetion of the stream 50 ft1r as it grow3, 
4:3. The rock necessary in the cOBstruction of this Jam shdlllJe quarried half on the north 

i(le of the stream from the down stream face of the point against which the dam is to re
t, at 

l1ch point as the engineer in charge may direct, and half on the southern shore of the river, in 
the ro(>ky point ju::.t above the dam ::;Ïte. 
44. The Directors guarantee (he contractor the right to quarry and remo,re this rock without 
compensation for material, or daIl1age::; under the same provi
ion as heretofi)re enumerated in 
the matter of cutting and remuving bru:-:hwood for the dam, 
-!j. The Directors guarantee to the contractor the right of way for the tran:3portatioll of all 
lHaterial on such routes as may be rea
onably practicable, and on conditions as re
pect
 liability 
for damages, similar to tho
e already inserted in the sectiùll concerning bru5h cutting, 
46, All hrn
l C'ut and a11 rock quarried in the prosecution of this work, and remaining 
unused at it:-; ('ompIetion or forfeiture of contract, is to revert to the Board of Directol':5, and the 
<,ontractor is not to lay claim, after the work i.:; done. to any peculiar privileges of ri.
ht of 
way, or right to material of any kind other than his plant of tools and apl'liance:-: which ma)- 
be removed fJ om the prcm i!3t's. 
47, 'Vhene\rer the word g}"avel is u
ed in the
e specifications. it is to be bken as meanÏ11g the 
be:,t material r f the kind to be found along the line of the c;,trueture, or within 500 feet thereof: 
it .shall not contain lJlOre than 30 per cent. of sand, and must p:!ss in::;pection of the engineer in 
charge. 


LAYI
G O
T 

D YEASrREUEST OF WORK. 


41{, This work is to be staked out bv the resident engineer, under the direction of the State 
Engineer. and i
 to be carried forwa
d to the ::atlsfaction of the engineers and the Board of 
Directors of the district. 
49. )'Ieasurements for works of certain dimensions are given on the exhiùits and schedule 
hereunto appended, and made a part of these specifications as hereafter enumerated. Payment 
it;: to be ma(le vn such measurements for the standard 8izes sLown, and for intermediate sizes 
payment win }/e made upon dimensions of cross sections proportioned to the height of the dam 
above the ground line in each ca
e. 
50, All f'xtra work of any cla;:,s. except excavations to depth::: below the limit heretofore 
specified (six f
:et), is to be done at contract prices upon the measurement thereof. 
51. Measurement of work is to be agreed to by tbe contractor and resident engineer upon 
('ach d i \"ision thereof before it is laid in. 
52. 'V ork is only to be aCf'epted and approved and taken off the contra(-tor's hands upon the 
final com pletion of the entire structure. 
53. In case of any undue settling of any part of the dam afler the completion of that part, 
the integrity of tbe work i
 to be preserved in such manner as the State En
ineer may specify 
and tbe Board of Directors may direct, and consequent differenC'es between the contractor and 
the Board of Directors are to be made by the Directors and in their disC'retion. 
54, The work is to be prosef'uted from its two cnds simultaneous]y, and with all due dili- 
gence and di
patch, and brought forward in the manner and order directed by the engineer in 
f' barge. 


A.)'IEXD)IEX'f
 TO FOREGOISf T SPECIFICA\TIOX
_ 


Prepared at }'cqucst of the BO(trd of DÙ'ccfo/"s, District _..Yo, 1, July 6. 1 <::;SO. 
55, The foregoing !'pecification
 are to go
'ern the cnn::.truc-tion of the ('nntempIated rlam, 
except, in case trf'es of proper size cannot be :-,('cured in :;:ufficient number for the purpose within 
2,000 feet of site of the work, when, after cloo:l" {'xamination, the Board of Directors may curtail 
the dimension of the fIRm in_cro
:3 
e('tion. . 
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. 
56, And again. shoulrl the supply of small trees-as called for in the ..:pecifications-to be 
found within 2,000 feet of the work prove to be insufficient to complete the structure to the 
dimensions finally determine,l upon by the Board of Directors, thf' contl'3.t'tor may suhstitute 
bundles or fa
cines of 
maller tref'f> or bruf>h saplillg
, made a1111 laid under the direction of the 
engineer in charge, 
57. The fascines are to be nu
de wher
 the bru
h is cut. in lengths proper to substitute for 
the small trees called for in the specifications; are to be made in pre:;sP5. as shown ill a cut 
accompan:ving these 
recifications, or in some way insuring f'qually good manufacture; and 
are to be firmly bound, at tour-foot interval::;. with Xo. 16 (Birmingham gauge) iron wire. 
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58, These fascines are to be substituted for the trces where df'signated by the engint'er in 

harge, are to be pegged down and together firmly, and trcatcll in all respects as are the trees 
1ll the structure; provided, that the top course at the npper erl
e, and that at the lower f'dge 
of the dam's cre:;t, aull the coun;:e at the foot of the overfall shall be cI.lmDosed entire1v of trees of 
the dimensions anù otherwise as at first specified. .. 


Bins FOR THE \VORh.. 


5
. Tht" work t
 be executed in completing this structure is classified as f,()Ilows: I-Ex<,a- 
vatlOn for fouudatlOn; 2-Brush and t.imber ballasted; 3-Gravel backing; 4-Stone backing; 
5-Stone weighting and protcctiou of ends of the dam; 6-Earthwork embankment or levee :11 
south end of the dr.m. 
60, E.rcavaÜon,-lncludcR rClJ10yal and clisposal of all material to be handled. in prcparing a 
formation for the dam and the auxiliary works. 
61. Brl/sh mid timber, ballastcd-Incfwle8 the ('utting and transportatiou of hrnsh and tim- 
ber, the exmvatioll and transportation of grnvel for ballast, the laying of these matcrials, and 
complet.ion of the structure ('om posed of thelll a
 twfore specified. 
62, Gi'arel backíllg-lncludps the excavation, trallsportatioll, and ùepositing of this material 
as heretofore outlinerl. 
63, Stone bachng-Includes the stripping and opening of quarries, excavation: transportation, 
anrl laying of stone according to 
pecificati()ns and directions. 
64, Stone weighting and ]Jrotection-Ineludes work as prnvi(}ed al)ove under hf'ad of .. Stom' 
hackin,g," 
fl.5. Eartl/UJO'i'k emballkments-InC'lurlC's the construction of an earthwork If'ype nnt over 1,200 
feet long at south cnd of dam, cOlltaining about five C'ubic yards of matNial pel' linear foot.. 
'l'he ,york to be done with scrapers anrl a
 directed by the engineer in char
,'" 
Bids are dcsired for this work as fi)llows : · 
66. FOi' the e;ccaration: reI' cubic yard. measure(} in the pit. 
67, For the brwdL a'ill/ timbe,' ballasted: Per cubit' yarù, mea:5ured in the work (predetermined 
allowances for settlement not counted in.) 
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6R. For grat'd barking: Per cu?ic yard, measure(l. in place on compIe.tion. 
69. For stone backin cr : Per cubic yard, measured 111 place on completIOn. 
70. Stone weiqhting ::nd protection: Per cubic yard. meai"oured in place on completion. 
71. Earthwork embankment: Per cubic yard, measured on completion (predetermined allow- 
ances for settlement not counted.) 


SPECIFICATIOXS FOR THE DA'\{ AT SITE "'-0. 2, ox THE Yl""B.\ RIVER. 


These specifications, so far as the composition.and
 construction of the dam are concerned, are 
substantially the same as those for the 
am at Sltc 
 o. 1.. .. 
The poi
ts of difference are shown III the followmg 
rnopsls of specificatIOns for the dam at 
site X 0, 2. 
1. The proposed dam site No.2 is two (2) miles below site 
 o. 1. 
2, The line is marked on the ground similarly to line X o. ], and on the map is 
hown as 
tI Line of proposed dam S o. 2.'
 . .. 
3. In the direct course the dIstance acros:: the hIgh-water channels and mtcrvenmg flats of 
the river is about 9,600 feet, and consequently the dam proper will be about this length. 
Paragraphs 4 to 31, inclusive, are the same as in specifications for dam at site Xo. 1. 
Paragraphs 3
 to 36, inclusive, are omitted., , 
37. End finish: The ends of the dam are to be raIsed gradually, so that water will not run 
over its crest within at least 100 feet of the ends propcr, and these are to be joined with the 
natural bank, or with earthwork em banlonents. 
Paragraphs 38 anù 39 are the same, with the exception that there must be a training wall at 
both ends of the dam, at site Xo. 2. 
Paragraphs 40 to 58, inclusi'Te, are the same. 
Paragraî}h 59, leave out" stone backing," and" stone weighting," and change numberin
 
to suit. 
Paragraphs 60 to 62, inclusive, the same. 
Paragraphs 63 and (j-! to be omitted. 
Paragraphs 65 to 6S, inclu'3ive, the same. 
Paragraphs 69 and 70, inclusive, to be omitted, 
Paragra ph 71, the same. 


SPECIFICATIOXS FOR A DAY OF BRrSHWOOD AXD GRA VEL O
 REAR RIVER. 


These specifications are in all respects similar to tho
e for the dam at proposed site at Xo. 2. on 
Yuba River, "ith the exception that the site is de::erih('d as being on a linc directly acr03S the 
river from a point 200 feet, more or less, ah0ve th(' head of the levce on the north side of what 
was formerly known as Johnson's Cros:-ing, and the probable length of the dam is about 
6,000 feet. 


The contracts for the erection of the dalns "\\
ere a"\\Tarded on 
tugust 
10th, 'the one on the Yuba Riyer to 
lessrs. Rideout &, Binney, of 
l\Iarysyille, and that upon Bear River to 
Iessrs. Doane & ::\IcBean, 
of San Francisco. 
The cost of the "\\Torks 'YfiS S01l1e,yhat cnhanced by the fact that the 
contractors "\\Tere, by the ter1l1S of their contracts, 
 required to con1- 
. plete the structure::; "Tithin sixty days, the fear of approaching storn1S 
preclu(ling greater delay. .A. yaricty of causes con1bined to preycnt 
the cOlnpletion of either structure ,,
ithin contract tÍ1ne, but fortu- 
nately the "Tork ,yas finishcd hefore 
tornlS Íntcryened. 
It is too soon, hO"Tcver, to speak in the light of 111atnre experiencc 
of the effí'cts to be produced by these d
llns. State Engincer Hall, 
,,
ho has l1HHle their construction and availaLiJity a subject of paticnt 
and per::;istent study, is sanguine as to the results to he experienced, 
and his theories hase the. approyal of such ell1Ïncnt cngineers as 
Colonel G-. II. 
Iendell, Uniteù State:3 Engineer, and Captain Jan1cs 
B. Eads, both gelltlen1en of ,yorhl-\ride celebrity in their profe::;:.;ion, 
and "Tho l
aYe, in thcir capacity as COnt-iultillg Enginecr:-" giyen this 
\vork specIal attC'ution. 
'rhus far the <lan1s pron1Ïse all t.hat can be hoped for. They check 
thf) fio" of "Tater and rid it of the heayicr portion of it
 sand, ,,
hich 
has already acculnnlated to a (,ollsi<lcralJlp (lepth jl1:--t nhoyc the 
4 1 ' 
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structures, and the ,vater thus relieved of its surcharged material is 
permitted to flow on ,vith its scouring capacity greatly increased. ' 


LEVEE WORK. 


The \vork of constructing levees to confine the ,vaters of the 
Feather, Yuba, l
ear, and Sacralnento R,ivers ,vithin their respective 
channels, ,vith a vie,v to increase the scouring capacity of those 
strealns during flood periods, has been steadily pushed fOl',vard on 
as large a scale as the funds at cOlnlnand "rould ,varrant. 
The follo,ving table ,viII sho,v the anlount and the purposes for 
which n10ney has been expended: 


State Engineer Department-Payroll ______ __________ ______ __________ ________ 
State En,gineer DepartmenL-Expenses_ __ _ __ __ __ __ __ ____ ______ _____ ____ ________ 
District Engineer Department-Payroll ____ ______ ____ ____ ____ ____ ________ ____ 
District Engineer Departmellt-Expenses____ __________.___ ___ _ ___ ____ ____ __ ___ 
A
s('ssors and Auditors of counties, in District______ ________________________ ____ 
t

:[




;


:-b


;:&

===
========================= ====================== 
Salaries of Directors and Secretary ______ ______ ______ ____ ______ _ ___ ____ _.___ ____ 
Office expenses______________________________________________________________ 
P.'inting, specifications. stationery, etc,______ ___., ____ ____ ____ ____ ____ ____ ______ 
Paid for work (per contract)________ ____ ________ ____ ____ _ ___ __________ _ ______ 


$12,262 00 
5,158 87 
7,841 41 
4.086 6G 
8,965 99 
1,025 50 
863 50 
2,286 64 
50 00 

26 65 
320,
21 18 


Total____________________________________________ __________________ ___ $363,188 40 


\Ve have con1lnenced suits for condelnnation of land to be used 
for storage of debris above the dams, and Inaterial of \vhich said. 
dan1s are constructed, as provided for in section eleven of the Act 
to promote drainage, and said suits are now in process of litigation. 


CONCL USION. 


Difficult as has been the labor entered upon by the Directors, they 
feel \varranted by experience in declaring that during the progress 
of their operations they haye seen 111uch to encourage the hope of 
llltÏ1nate success. Obstacles that seclued insurlnountable, have either 
disappeared or prOVPll less fornlÍdable than ,vas supposed. 
Iany 
,vho, at the outset, doubted the fea:sibility of controlling the large 
vollune of lnining debris consta-ntly being sent do\vn fron1 the InOUll- 
tain gulrhes, of restoring the regÏ1nen of the rivers, and teaching 
those rivers to excavate their own channels, better infornled, are 
yielding to the belief tha t, by an intelligent and systelnatic treatInent 
of the ,vhole proLleln, our navigaLle ,vaters n1ay he saved to con1- 
merce the industries of the fanner and nlÍner brought into such 
relati
ns that each Inay prosper \vithout lnaterial injury to the 
other, and the general \velfare be prolnoted at an expense comlnen- 
surate \vith the object to be obtained. 
'V. ]1. P.L\RI
S, 
'V. .B'. I
NOX, 
NILES SEA.RLS, 
Board of Directors of Drainage District No. 1. 
Attest: CHARLES 
I. COGLAN, Secretary. 
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